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Fore^vord 



THE rapid advances made in recent years in all lines of 
engineering, as seen in the evolution of improved types 
of machinery, new mechanical processes and methods, 
and even new materials of workmanship, have created a dis- 
tinct necessity for an authoritative work of general reference 
embodying the accumulated results of modem experience and 
the latest approved practice. The Cyclopedia of Engineering 
is designed to fill this acknowledged need. 

<L The aim of the publishers has been to create a work which, 
while adequate to meet all demands of the technically trained 
expert, will appeal equally to the self-taught practical man, 
who may have been denied the advantages of training at a resi- 
dent technical school. The Cyclopedia not only covers the 
fundamentals that underlie all engineering, but places the 
reader in direct contact with the experience of teachers fresh 
from practical work, thus putting him abreast of the latest 
progress and furnishing him that adjustment to advanced 
modem needs and conditions which is a necessity even to the 
technical graduate. 

C The Cyclopedia of Engineering is based upon the method 
which the American School of Correspondence has developed 
and successfully used for many years in teaching the principles 
and practice of Engineering in its different branches. 

€i The success which the American School of Correspondence 
has attained as a factor in the machinery of modem technical 
and scientific education is in itself the best possible guarantee 



for the present work. Therefore, while these volumes are a 
marked innovation in technical literature— representing, as they 
do, the best ideas and methods of a large number of different 
authors, each an acknowledged authority in his work— they are 
by no means an experiment, but are, in fact, based on what has 
proved itself to be the most successful method yet devised for 
the education of the busy man. The formula of the higher 
mathematics have been avoided as far as possible, and every 
care exercised to elucidate the text by abundant and appropri- 
ate illustrations. 

C Numerous examples for practice are inserted at intervals; 
these, with the text questions, help the reader to fix in mind 
the essential points, thus combining the advantages of a text- 
book with those of a reference work. 

C The Cyclopedia has been compiled with the idea of making 
it a work thoroughly technical yet easily comprehended by the 
man who has but little time in which to acquaint himself with 
the fundamental branches of practical engineering. If, there- 
fore, it should benefit any of the large number of workers wjio 
need, yet lack, technical training, the publishers will feel that 
its mission has been accomplished. 

C Grateful acknowledgment is due the corps of authors and 
collaborators— engineers and designers of wide practical expe- 
rience, and teachers of well-recognized ability— without whose 
co-operation this work would have been impossible. 
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LOCOMOTIVE BOILERS AND 
ENGINES 



HISTORICAL DEVELOPMENT OF THE LOCOMOTIVE 

The first locomotive engine designed to run upon rails was 
constructed in 1803, under the direction of Richard Trevithick, a 
Cornish mine captain in South Wales. Though crudely and pecul- 
iarly made, it posaessetf all of the characteristics of the modern loco- 
motive with the exception of the multi-tubular boiler. The locomo- 
tive had a retum-flue boiler 60 inches long, and two pairs of driving 
wheels — each 52 inches in diameter. The power was furnished by 



FlK. 1. Trevlthlck's LocomotEve. 

one cylinder, 54 inches long and 8 inches in diameter. The exhaust 
steam from the cylinder was conductc<l to the smoke-stack where it 
aided in creating a draft on the fire. This engine, shown in Fig, 1, 
made several trips of nine miles each, running about five miles per 

Copyrighl, DOS. by Amiricatt School o/ ContapBndence. 



2 LOCOMOTIVE BOILERS AND EMGINES 

hour and carrying about two tons. Although the machine was a 
commercial failure, yet from a mechanical standpoint, it was a great 
success. 

After the development of the Trevithick locomotive, numerous 
experiments were tried out and many engineers were working on a new 
design. As a consequence, many very crude but interesting loco- 
motives were developed. The principal objection raised against the 
most of them was in reference to the 
comp 
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Fie. 2. The Kockct. 

thing of note was accomplished. The Rocket, in a competition 
speed test, without carrying any load, ran at the rate of 29i miles per 
hour. With a car carrying thirty passengers, it attained a speed of 
28 miles per hour. The construction of the Rocket was a step in the 
right direction, since it contained fewer and simpler parts. It had 
an appearance similar to the modem locomotive, having a multi- 
tubular Iwiler, induced draft by neans of the exhaust steam, and a 
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direct connection between the pbtun rud and the crunk pin secured 
to the driving wheel. The cylinder was inclined and the proportions 
were very peculiar as compared with the modem locomotive, yet 
much had been gained by this advancement. 

While these things were being accomplished in England, the fact 
must be noted that agitadon In favor of 



Fig. 3. The BeW Frfeod of Charioston. 

same time, the South Carolina Road was built. The board of 
directors of this road were concerned with what kind of power to 
use, namely, horse-power or ateam engines. After much delibera- 
don, it was finally decided to use a steam-propelted locomotive. 

The history of this period is interesting. The first steam loco- 
motive built in America was the Best Friend of Charleston, illustrated 
in Fig, 3. One year previous to the building of this locomotive, an 
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EnglUh locomotive called Stourbridge Lion was imported by the 
Delaware-Hudson Canal Co. It was tried near Homesdale. A 
celebrated American engineer by the name of Horatio Allen, made a 
number of trial trips on this locomotive and pronounced it too heavy 
for the American roadbeds and bridges; so it was that the Best 
Friend of Charleston, an American locomotive constructed in 1830, 
gave the first successful service in America. The Best Friend of 



Fig, 4a. HnyeH 10-Wheeler. 

Charleston was a four-wlieeletl engine having two inclined cylinders. 
The wheels were constructed of irpn hubs with wooden spokes and 
wooden fellows, having iron tires shrunk on in the usual way. A 
vertical boiler was employed and rested upon an extension of the 
frame which was placed between the four wheels. The cylinders, 
two in number, were each 6 inches in diameter and had a common 
stroke of 10 inches. The wheels were 4J feet in diameter. The total 
weight of the locomotive was about 10,000 pounds. Assuming power 
by present metho<Is, it would develop about 12 horse-power while 
running at a speed of 20 miles per hour and using a steam pressure 
of 50 pounds. 

The Baltimore & Ohio Railroad was the leader for a nuralier of 
years in the development of the locomotive. Among the earlier 
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designs brought out by this road was an 8-wheeIed engine known as 
the Camel-Back, so-called from its appearance, and frequendy spoken 
of as the Winan^, as its design was developed in 1844 by Ross Winans, 
a prominent locomotive builder of a half century ago. 

The illustration shown in Fig.4tr represents the Hayes 10-Wheeler 
with side rods removed, which was built after designs prepared in 
1853 by Samuel J, Hayes of the B. & O. Fig, 46 is from an origi- 
nal drawing of one of the earlier tyoes of the same engine and shows 



more of the details of construction. This lotromotive is often- 
times improperly called the Camel-Back or Winans engine because 
of its close resemblance to the Winans. The name Camel-Back, as 
given to the Winans engine and also to the Hayes 10-\Mieeler, was 
given on account of the peculiar appearance of the locomotive, which, 
in fact, did resemble a camel's humped back. This appearance was 
due to the fact that a large cab was placed on the central portion of 
the boiler, and also to the rapidly receding back end of the boiler. 
The weight of the Hayes 10-Wheelerb77,100pounds, of which 50,500 
pounds are on the drivers and 20,0C0 pounds are on the front truck. 
The diameter of the front truck wheels is 28 inches and that of the 
drivers, 50 inches. The fire-box is 421 inches long and 59} inches 
wide. The boiler has a total heating surface of 1,176.91 square feet, 
1,098 square feet of this amount being in the flues. There are 134 
tubes 2\ inches in diameter and 13 feet II inches long. 
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The Boston & Providence Railroad built several locomotives 
during the time the Winans locomotive was being developed. One 
of these, the Danid Nason, illustrated in Fig. 5, was built in 1858. 
The Daniel Nason weighs 52,650 pounds, has 16 by 20 inch cylin- 
ders, 64-inch driving wheels, and 30-inch truck wheels. Steam 
pumps were used in feeding the boiler instead of the injectors. 
The top members of the frame are built up of rectangular sections, 
while for the bottom members, 4-inch tubes are used. 

The prevailing thought in the early development of the locomo- 
tive was, that sufficient power could not be secured by depending upon 
the adhesion of the drivers to the rail; as a consequence many cog 
locomotives were developed and used. This was true on the old 



FlK- 5, The Daniel Nason. 
Jeffersonville, Madison & Iiidianpaolis Railroad at Madison, Indiana. 
A portion of the road at that point included a six per cent grade three 
miles long. From the opening of the road in 1848 until 1858, the 
grade was operated by cog locomotives. On the last-named date, 
there appeared a locomotive named the Revhen Wells which was 
destined to have both a very interesting and successful career. 

The Reuben Wells, illustrated in Fig. 6, was designed by Mr. 
Aeuben Wells, then a master mechanic of the road. It was built 
in the company's shops at Jeffersonville, Indiana, in July, 18.58. 
The Reuben Wells has cylinders 20 X 24 inches, and five pairs of 
drivers each 49 inches in diameter, all being coupknl. No front 
truck is used. The boiler Is 5fi inches in diameter and contains 
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201 two-inch fiues 12 feet 2 inches iii length. It has a heating sur- 
face in the fire-box of 116 square feet while that in the tubes is 1,262 
square feet. It is what is commonly known as a tank locomotive 



The Reuben WeUs. 



since it carries the water and fuel upon the frame and wheels of 
the engine proper instead of upon a separate part, the tender. The 
total weight with fuel and water is 112,000 pounds. The tractive 
effort under a steam pressure oC 100 pounds per square inch is 



FlR, 7. American T>-pe. 



about 21,818 pounds on a level road. After having been in ser\'ice 
for a number of years, it was rebuilt with four instead of five pair of 
drivers and was shortened by the cutting off of a section at the 
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rear which had been used for coal and water. Sufficient water 
capacity was provided by placing a tank over the boiler. 

The American type locomotive, illustrated in Fig. 7, is typical of 
the small sized engines of this construction which are now being 
rapidly replaced by other types. For a period of nearly fifty years, 
ending about 1895, the American type locomotive was more commonly 
used for passenger service than any other type. 

A comparison of things with reference to size, weight, and color 
impresses their relative characteristics upon the mind. For this 
reason, the illustrations of the Tornado and the McUlet compound 
locomotives are given in Fig, 8 and Fig. 9, respectively, the former 



The Tornado. 



being an early development, and the latter the most recent heavy 
freight locomotive. 

The Tornado was the second locomotive owned by one of 
the parent lines forming a part of the Seaboard Air Line Railroad. 
This locomotive was imported from England and put into service 
in March, 1840. It has two inclined cylinders 9 inches in diam- 
eter with a common stroke of 20 inches and a single pair of 
drivers 54 inches in diameter. Tlie fire-box stands upright and Is 
cylindrical in form, while the boiler proper is horizontal and but 34 
inches in diameter. The steam is admitted to an exhaust from 
the cylinders by plain slide valves controlled by the Hook motion. 
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The Mallet compound 
locomotive marks one of 
the most successful attempts 
of the locomotive designer 
and builder. It surpasses 
anything thus far built in 
size and combination of new 
ideas in design. The one 
shown in the illustration 
was built for the Erie Rail- 
road for heavy pushing serv- 
ice. It has a boiler diam- 
eter of 84 inches and carries 
a steam pressure of 215 
pounds per square inch. 
The boiler contains 404 two 
and one-fourth inch flues 
21 feet long. Its high-press- 
ure and low-pressure cylin- 
ders are 25 and 39 inclits 
in diameter, respectively, 
having a common stroke cf 
28 inches. The drivers, six- 
teen in number, are each G4 
inches in diameter, Tlie 
total weight on the drivers 
is 410,000 pounds. The 
boiler has a total heating 
surface of 5313.7 square 
fert, 4971.5 of this numbiT 
being in the tubes and 342.2 
in the fire-box. The fire- 
box is 126 inches long uiid 
114 inches wide, giving 100 
square feet of grate area. 
Its maximum tractive effort 
is 94,800 pounds. 
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It is of much interest to compart in a general way the develop- 
ments of the loconiotive in England and in America. The types 
differ in many respects, as shown in Table I. 

TABLE I 
^Comparison of English and American Locomotives 



Parts 


Enqlmb 


American 


Frames 


Plate 


Bar 




Cylinders 


Inside 


Outside 




Drivers- 


Not equalized 


Equalized 




Driver Centers 


Wrought iron 


Cast iron or steel 




Fire-box 


Copper 


Steel 




Tubes 


Brass 


Iron 




Cab 


Small 


Large 




Pilot 


No 


Yes 




Reverse gear 


Screw 


Lever 




Boiler 


Small and low 


Large and high 





CLASSIFICATION OF LOCOMOTIVES 

In order that a clear understanding may be had of the various 
types of locomotives, a classification is given according to wheel ar- 
rangement. In the Whyte system of classification, which is quite 
largely used, each set of trucks and driving wheels is grouped by 
number beginning at the pilot or front end of the engine. Thus, 260 
means a Mogul, and 460, a 10-wheel engine. The first figure, 2, in 
260 denotes that a 2-wheeled truck is used in front; the figure 6, that 
there are six coupled divers, three on each side; and the 0, that no 
trailing truck is used. This scheme gives both a convenient and easy 
method of classifying locomotives. 

In Table II is given the classification of the locomotives used on 
American railroads. 

The method may be further extended to include the weights of 
locomotives. The total weight is expressed in units of 1,000 pounds. 
Thus: A Pacific locomotive weighing 189,000 pounds would be 
classified as Tjrpe 462 — 189. If the locomotive is a compound, a 
letter C would be used instead of the dash. Thus: Type 462-C-189. 
If tanks are used instead of a separate tender, the letter T would be 
substituted for the dash. Thus: A tank locomotive having four 
driving wheels, a 4-wheel leading truck, and a 4-wheel rear truck, 
weighing 114,000 pounds would be classified as Type 444-T-114, 

*The comparisons are not strictly true for every case but represent the con- 
ditions usually found. 
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TABLE \l 
Classification of Locomotives 

[WHYTE'S SYSTEM] 



040 A OO 



4 Wheel 



060 ^ OOP 



6 Wheel 



080 ^ noon 



8 Wheel 



0440 A OO OO 



Articulated 



0660 i^ OOP OOP ArficulQtcd 



240 An PP 



4 Coupled 



geo ^oOOO 



Mogul 



280 ^O PPPP Consolidotton 



2440 2^0 PP PP Arftculated 



^100 An PPPPP Decapod 



440 Jn oPP 



8 Wheel 



460 An n PPP 



10 



tt 



480 ^0 nOOOO 12 



>» 



042 A OO O 



4 Coupled and Trailing 



062 ^ OOO O 



»> 



>l 



n 



082 J OOOO n 8 



>» 



» 



#* 



044 JOOn n 



Torncg 4 Coupled 



064 ^ OOO o n 



>> 



f> 



046 ^PP O O-O 



It 



»» 



066 A DOC) r, o n 



>f 



242 ^nOOo 



Columbia 



262 .^nOOO n Prairie 



282 ^0 OOOO O 8 Coupled 



2102 ^oOOOOOn 10 



244 ^nOOn n 



264 .^n OOO n n 



284 Jo OOOO O O 8 



246 Jn OO n n n 



266 An OOO n n n 6 



442 ^D Q OO n Atlontic 

462 ^n oOOOo Pacific 



444 An n OO O O 4 Coupled Double Ender 



464 ^n r, OOO n n 6 



fi 



t> 



446 /Jn oOP o o n 4 



»• 
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From the classification table given, it is apparent that there are 
a great many different types of locomotives in service. Only the 
more commonly used types will be discussed, which are as follows: 
040, 060, 080, 260, 280, 440, 442, 460, and 462. The types 040, 060, 
and 080 are largely used for switching service. The 040 type is of the 
smallest proportions and weights, being found in small yards where 
only light work is required. The call for heavy duty was met by the 
060 type. The fact that the 060 type, being much heavier, has a 
greater tractive effort and a correspondingly larger steaming capacity, 
has caused them to be used very extensively. The following figures 
will aid in giving an idea of their size and capacity: 

Weight on drivers (pounds) 145,000 to 170,000 

Diameter of cylinders (inches) 19 to 22 

Stroke of piston (inches) 24 to 26 

Diameter of driving wheels (inches) 50 to 56 

Working steam pressure (pounds per square inch). . . 180 to 200 

The demand for power, steadily increasing beyond that which 
could be secured by locomotives of the 060 type, created a new design 
known as the 8-wheel, or 080 type. This type is used in switching 
and pushing service and has about 171,000 pounds weight on drivers, 
cylinders 21 inches in diameter, stroke 28 inches, drivers 51 inches 
in diameter, and carries 175 to 200 pounds steam pressure. The 
switching engines of the 060 and 080 type were converted into high- 
class freight engines by adding two wheel trucks to each, thus develop- 
ing the 260, or Mogul, and the 280, or Consolidation types. 

The Mogul was primarily intended for freight service only, but 
it is sometimes used in heavy passenger service. The object of the 
design was to obtain greater tractive force on driving wheels than is 
possible to obtain with four drivers, as in the 440 type. Fig. 10 
illustrates a modern 260, or Mogul type, giving its principal dimen- 
sions. This type was more generally used than any other before the 
increasing requirements of heavy freight service resulted in the '.de- 
velopment of the 280, or Consolidation type. It is profitable from 
the standpoint of economy in repairs in selecting the type of locomo- 
tive for any service, to use the minimum number of drive wheels 
possible within the limits of the necessary tractive power, although for 
freight service involving the handling of heavy trains on steep grades, 
the 280,or Consolidation type, is required. Where the requirements are 
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not too severe, however, there is a large field for the Mogul type in 
freight service. Where a large axle load is pennitted, the Mogul 
type may give sufiicient hauling capacity to meet ordinary require- 
ments in freight service on comparatively level roads. \^^Iile not 
generally recommended for what may be called fast freight service, 
the 280, or Consolidation type, is sometimes used. Many Mogul 
locomotives are successfully handling such trains. 

The 260 type provides a two-wheel leading truck with good 
guiding qualities and places a large percentage of the total weight on 
the driving wheels. A large number of locomotives of this type show 
an average of 87 J per cent of the total weight of the locomotive on the 
drivers. Boilers with sufficient capacity for moderate speed may be 
provided in this type; and with relatively small diameters of driving 
wheels, it will lend itself readily to wide variations in grates and fire- 
boxes 

The Consolidation locomotive, or 280 type, shown in Fig. 11, 
was designed, as has been mentioned, for hauling heavy trains over 
steep grades. It is perhaps more generally used as a high class freight 
engine than any other type so far developed. Locomotives of this 
type have been designed and built with total weights varying between 
150,000 to 300,000 pounds. 

The four most prominent types of passenger locomotives, namely, 
440, 442, 460, and 462, have each been developed at different times 
and in successive order to meet the ever-increasing and changing 
demands. The 8-wheel or 440 type, commonly known as the Amer'' 
lean type, was for some time the favorite passenger locomotive, but as 
the demands for meeting the conditions of modem fast passenger 
service increased, a locomotive of new design was required. The 
conditions which were to be met were sustained high speed and 
regular service. This did not mean bursts of high speed under 
favorable conditions with a light train running as an extra or special 
with clear orders, but it meant rather the more exacting requirements 
of regular service. 

Where regular train service had to be sustained day after day at 
a schedule of 50 miles per hour, it required reserve power to meet the 
unfavorable conditions of the weather and for an occasional extra 
car in the train. For such exacting demands, much steam is required 
and ample heating and grate surface must be provided. In the 440 
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tj^e with a 4-whcel leading truck and four driving wheels without a 
trailing truck, the boiler capacity is limited. Not only is the heating 
surface also limited but the grate area as well, because the grates 
must be placed betvi^een the driving w-heels. The desirability of 
larger boilers and wider grates than the distance between the wheels 
in the 440 type will permit, led to a ready acceptance of the 442, or 
Atlantic type locomotive, as shown in Fig. 12. The 442 type com- 
bines a 4-wheel leading truck, providing good guiding qualities, and 
four coupled driving wheels having a starting capacity suflScient for 
trains of moderate weight, and a trailing truck. The use of the 
trailing truck permits the extension of the grates beyond the 
driving wheels thus obtaining a much larger grate area. This wheel 
arrangement also permits the use of a deep as well as a wide fire-box 
which is especially advantageous in the burning of bituminous coal. 
It also gives a nauch greater depth at the front or throat of the fire-box, 
which is very important. 

As modem passenger service increased and heavier trains had 
to be drawn, four driving wheels would not give sufficient starting 
power. Because of the heating surface and grate area being limited 
by the same factors as mentioned in the 440 type, another type, the 
462, or Pacific type, came into favor. As this type was called upon 
to pull the heaviest passenger trains, much power was required even 
under very favorable conditions. For such trains, a locomotive 
having a combination of large cylinders, heavy tractive weight, and 
large boiler capacity is required. The Pacific type meets these 
requirements in a very successful w-ay. From a study of Fig. 13, 
which illustrates such a locomotive, it is obvious that the 462 type 
differs from the general design of the Atlantic type only, in the 
addition of another pair of driving wheels. This, however, makes 
possible a much heavier boiler; therefore, more heating surface, 
more grate area, and greater tractive weight are obtained. Grate areas 
of from 40 to 50 square feet are possible in this tj'pe which provides 
for the large fuel consumption that is required for the rather severe 
service. The heating surface is of equal importance since large 
cylinders require large steaming capacity. The 462 type meets this 
need also. A comparison of passenger locomotives shows that the 
Pacific type has more heating surface for a given total weight than is 
found in any other type of passenger locomotive. 
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Compound Locomotive. In continuation of a study of the 
development of the various types of locomotives, it is important to 
consider the compound locomotive. The compound locomotive is 
one in which the steam is admitted to one cylinder, called the high- 
pressure cylinder, where it partially expands. From this cylinder 
the steam is exhausted into the steam chest of another cvlinder having 

larger dimensions, called 
the low-pressure cylinder. 
From this steam chest, 
the steam enters the low- 
pressure cylinder where 
it continues its work and 
is exhausted into the at- 
mosphere. There have 
been a large number of 
different tj^s of com- 
pound locomotives de- 
veloped, all of which 
have had more or less 
merit. The following 
types have been used in 
America: the four-cyl- 
inder balance compound, 
the Mallet compound, 
and the tandem com- 
pound. The remarks and 
description which follow, 
of the Cole four-cylinder 
compound, are quoted 
from publications of the American Locomotive Company, builders 
of this locomotive: 

The time has arrived when merely increasing weight and size of loco- 
motives to meet increasing weights of trains and severity of service does not 
suffice. To increase capacity, improve economy, and at the same time reduce 
injury to track, a new development is needed. Limits of size and weights 
have been reached in Europe and to meet analogous conditions there, the four- 
cylinder balanced compound has been developed into remarkably successful 
practice. The purpose of the Cole four-cylinder balanced compound is to 
advance American practice by adaptmg to our conditions the principles which 




Fig. 16. Rear Elevation of the Cole Compound. 
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have brought such advantageous results abroad, especially the principles of 
the de Glehn compound. 

The Cole four-cylinder balanced compound employs the principle of 
subdivided power to the cylinders; the high pressure (between the frames) 
drives the forward or crank axle and the others; the low pressure (outside of 
the frames) drives the second driving axle. In order to secure a good length 
for connecting rods without lengthening the boiler, the high-pressure cylinders 
are located in advance of their usual position. 

Special stress is laid on perfect balancing and the elimination of the 
usual unbalanced vertical component of the counterbalance stresses as a 
means for increasing the 
capacity, improving econ- 
omy of operation and main- 
tenance, and promoting 
good conditions of the track. 

The relative positions 
of the high-pressure cylinder 
A and the low-pressure cylin- 
der B may be seen in Fig. 14 
and Fig. 15. The high- pres- 
sure guides, Fig. 15, are 
located under and attach to 
the low-pressure saddle, 
whereas the low-pressure 
guides are in the usual loca- 
tion outside of the frames. 
The cranks of the driving 
wheels are 180 degrees apart. 
In order to equalize the 
weights of the pistons, those 
of the high-pressure cylin- 
ders are solid and those of 
the low-pressure cylinders 
arc dished, and made as light 
as possible. A single valve 
motion, of the Stephenson 
type, operates a single valve 

stem on each side of the engine. Each valve stem carries two piston valves, 
one for the high- and the other for the low-pressure cylinder, as illustrated 
and explained later. 

The back end, Fig. 16, and the two sections, Fig. 17 and Fig. 18, resemble 
ordinary construction of two-cvlinder locomotives but the half front eleva- 
tion and half section shown in Fig. 19 disclose a number of departures. The 
high-pressure piston rod, crosshead, and the guides C are shown in position 
under the low-pressure saddle. The high-pressure cylinders A and the high- 
pressure section of the piston valve chamber D are all in one casting, Fig. 20. 
The sides of the cylinder casting are faced off to the exact distance between 
the front plate extension of the frames. The valve chambers are in exact 
line with the valve chambers of the low-pressure cylinder; intermediate thimble 




Fig. 17. Section of the Cole Compound. 
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Klg. 19. UbU Front Elevation ood UftU-aectlOD. 



Fig. 21}. Details ol (lie Cyllnderu In the Cole Compound. 
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Fig, 22. The Cruik Axle. 
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castingH and packing glands being insorted between the two, form a continuous 
valve chamber common to both high- and low-pressure cylinders, thus pro- 
viding for expansion. 

Fig. 21 ahows the low-pressure cylinders B which are cast separately 
and bolted together. In this case the inside of the cylinders are faced off to 
proper dimensions to embrace the outer faces of the bar frame. The low- 
pressure piston valve chamber F is In direct line between the cylinder and 
the exhaust base G. Thitt view illustrates the short direct cxhauGt passage 
H froni the low-pressure cylinders to the exhaust nozzle. 

Fig. 22, the crank axle, shows that under the existing conditions it, is 
possible to make this part exceedingly strong. Inasmuch as the cranks on 
this axle are OO degrees from one another, it is possible to introduce exceedingly 
etrong 10 by 12} inch rectangular sections connecting the two crank pins. 
The whole forma an exceedingly strung and durable arrangement constructed 



Fig, 23, Section of Uigh- and Low-l'reasme Cylinders Revolved Into the Same Plane. 

ill accordance with the best Euro|)can practice which is likely both to wear 
and stand up well in service. A cross-section of the central portion of the 
axle indicates its proporlbns between the crank pins. 

The high- and low-pressure cylinders, A and tl, arc shown in Vig. 23 as 
Ihey would appear in section revolved into the same plane. The high-prcKsurc 
valve D is arranged for central admi.ssion and the low-prcKnure valve !•' for 
central exhaust, both Valves being hollow. A thimble casting or round joint 
ring and a gland coiiticct the two parts of the continuous ^'alve chamber /. 

The following advantages of the four-cylinder balanced com- 
pound are claimed by the maker: 

1. The approximately perfect balance of the reciprocating 
parts combined with the perfect balance of the revolving masses. 
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• 2. The permissible increase of weight on the driving wheels 
on account of the complete elimination of the hammer blow. 

3. An increase in sustained horse-power at high speeds without 
modification of the boiler. 

4. Economy of fuel and water. 

5. The subdivision of power between the four cylinders and 
between the two axles, and the reduction of bending stress on the 
crank axle due to piston thrust because of this division of power. 

6. The advantage of 
light moving parts which 
render them easily 
handled and which will 
minimize wear and re- 
pairs. 

7. Simplicity of de- 
sign One set of valve 
gears with comparatively 
few parts when compar- 
ed with other designs 
which have duplicate sets 
of value gears for similar 
locomotives. 

Another tj'pe of com- 
pound which is remark- 
able in many respects 
and which has had very 
successful usage in Eu- 
rope is the Mallet articu- 
lated compound. It has 
Fig. 26. Rear Elevaitoivot ihe American MaUeu been known and used 
in certain mountainous 
sections of Europe for several years but has recently been modiKcd 
and adapted to meet American requirements. It is practically 
two separate locomotives combined in one, and advantage is taken 
of this opportunity to introduce the compound principles under the 
most favorable conditions. The following is a description together 
with dimensions of a large locomotive of tins type built by the Ameri- 
can Locomotive Company. Its enormous size is reulizetl from Fig, 
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24 and Fig. 25. The weight of this particular locomotive in working 
order is nearly 335,000 pounds and the flues are 21 feet long. The 
rear three pairs of drivers are carried in frames rigidly attached to 
the boiler. To these frames, and to the boiler as well, are attached the 
high-pressure cylinders. The forward three pairs of drivers, how- 
ever, are carried in frames which are not rigidly connected to the 
barrel of the boiler but which are in fact a truck. This truck swivels 

radially from a center 
pin located in advance 
of the high-pressure 
cylinder saddles. The 
weight of the forward 
end of the boiler is 
transmitted to the for- 
ward truck ' through 
the medium of side 
bearings, illustrated in 
Fig. 24, between the 
second and third pair 
of drivers. In order to 
secure the proper dis- 
tribution of weight, 
the back ends of the 
front frames are con- 
nected by vertical bolts 
with the front ends of 
the rear frames. 
These bolts are so 
arranged that they 
have a universal mo- 
tion, top and bottom, which permits of a certain amount of play 
between the front and rear frames when the locomotive is rounding 
a curve. The low-pressure cylinders are attached to the forward 
truck frames. 

The steam dome is placed directly over the high-pressure cylin- 
ders A from which steam is conducted down the outside of the boiler 
on either side to the high-pressure valve chamber. The steam after 
being used in the high-pressure cylinders A passes to a jointed pipe 




Fig. 27. Section of American M&liet Showing Method of 
Bringing Steam from Dome to High-Pressure Cylinder. 
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C between the frames and is delivered to the low-pressure cylinders 
B, whence it is exhausted by a jointed pipe D through the stack in the 
usual way. The back end, Fig. 26, presents no unusual feature 
other than the great size of the boiler and fire-box. The section shown 
in Fig. 27 illustrates the method of bringing the steam down from the 
steam dome to the high-pressure valve E, The section in Fig. 28 
clearly shows the sliding support F between the boiler and front truck. 
It also shows the method of attaching the lift shafts to the boiler 

barrel which is made necessary 
by the use of the Walschaert 
valve gear. Fig. 29 shows 
that the low-pressure cylinders 
B are fitted with slide valves, 
and also shows the jointed 
exhaust pipe from the low- 
pressure cylinder to the bottom 
of the smoke-box. Fig. 30 
illustrates the construction and 
arrangement of the flexible 
pipe connection C between the 
high-pressure cylinder A and 
the low-pressure cylinder B. 
This pipe connection, as well 
as the exhaust connection D 
between the low-pressure cyl- 
inder and the smoke stack, 
serves as a receiver. The ball 
joints are ground in, the construction being such that the gland may 
be tightened without gripping the ball joint. 

The builders claim for this design about the same advantages 
over the simple engine as were enumeratcnl in the description of the 
Cole four-cylinder balanced compound. It is evident that the Mallet 
compound is a large unit and hence can deliver more power with the 
same effort of the crew. A reserve power of about 20 per cent above 
the normal capacity of the locomotive may be obtained by turning 
live steam into all four cylinders and running the locomotive simple 
which can be done at the will of the engineer when circumstances 
demand it. 




Fig. 28. Section of American Mallet. 
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The diagrammatic illustration shown in Fig. 31 presents a good 
means of studying and comparing the four different tj^s of com- 
pound locomotives referred to in the preceding pages. Briefly 
stated, the essentials in each of the four cases illustrated are as follows: 

Cole. High-pressure cylinders, inside but in advance of the 
smoke-box, driving front axle. Low-pressure cylinders, outside in 
line with the smoke-box, driving rear driving axle. Two piston 
valves on a single stem 
serve the steam distribu- 
tion for each pair of cyl- 
inders, and each valve 
stem is worked from an 
ordinary link motion. 

Vaudain, High- 
pressure cylinders inside 
and law-pressure cylin- 
ders outside, all on the 
same horizontal plane, 
in line with the smoke- 
box and all driving the 
front driving axle. As in 
the von Borries, a single ^^ 
piston valve worked from 
a single link effects the 
steam distribution for the 
pair of cylinders on each 
side 

De Glehn, High- 
pressure cylinders, out- 
side and behind smoke-box, driving the rear drivers. Low-pressure 
cylinders, inside under smoke-box, driving crank axle of front 
drivers. Four separate slide valves and four Walschaert valve gears 
allowing independent regulation of the high- and low-pressure valves. 

Von Borries. High-pressure cylinders inside and low-pressure 
cylinders outside all on the same horizontal plane in line with the 
smoke-box and all driving the front driving axle. Each cylinder has 
its own valve but the two valves of each pair of cylinders are worked 
from a single valve motion of a modified Walschaert type. This 




Fig. 29. Forward Half-Section Showing Slide Valves 
tn the Low-Fressure Cylinders. 
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arrangement permits the varying of the cut-oflf of the two cylinders 
giving different ratios of expansion which cannot, however, be varied 
by the engine-man. 

In addition to the compound locomotives already described, an 
early development of this type, known as the Richmond, or cross-com- 
pound, came into service. This engine differs from those already 
described in that it has only two cylinders, whereas those previously 
mentioned have four. In the cross-compound engine there is a high- 
pressure cylinder on the left side and a large or low-pressure cylinder 





Tandem Piston 
\/aiv09 J 



\ Sfc Valv*9j 



Q 



COLE. 




SinqU Piston Voivo 

J ^ 







VAUCLAIN. 
Sep arat* Links 




\ — Seporoto slide Voive$ 
^S — r — r*n L.P./nsi<fe 



=L 



Q 




DcQLEHN, 



Link 




Slide V^olre LJK 



r^ I Piston Voive HP 



"W -Z, "HP Inside 



Fig. 31. 



VON BOPRiES. 

Diagrams Showing Variations In the Four Principal 
Types of Compounds. 



on the right. The live steam passes from the boiler through the head 
and branch pipes to the high-pressure cylinder in the usual way. It 
is then exhausted into a receiver or circular pipe resembling the branch 
pipe which conveys the steam from the high-pressure cylinder across 
the inside of the smoke-box into the steam chest of the low-pressure 
cylinder. The steam passes from the steam chest into the cylinder 
and exhausts out through the stack in the usual way. The construc- 
tion is such that the locomotive can be worked simple when starting 
trains. This type was never very largely used. 
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LOCOMOTIVE BOILERS 

Before entering into the details of the various elements com- 
prising a locomotive, it is thought advisable to give them some 
study in order to become familiar with the names of the various 
parts and their relation to each other. Fig. 32 is given for this pur- 
pose and represents a longitudinal section of a 440 type locomotive 
with all parts numbered and named. This figure should be carefully 
studied in order that the future work of the text may be clearly under- 
stood. 

A locomotive boiler may be defined as a steel shell containing 
water which is converted into steam, by the heat of the fire in the fire- 
box, to furnish energy to move the locomotive. 

Locomotive boilers are of the internal fire-box, straight fire-tube 
type having a cylindrical shell containing the flues and an enlarged 
back-end for the fire-box, and an extension front-end or smoke- 
box leading out from which is the stack. 

Classification of Boilers as to Form. Locomotive boilers are 
classified as to form as follows: 

Straight topt Fig. 33, which has a cylindrical shell of uniform diameter 
from the fire-box to the smoke-box. 

Wagon top. Fig. 34, which has a conical or sloping course of plates next 
to the fire-box and tapering down to the circular courses. 

Extended wagon top. Fig. 35, which has one or more circular courses be- 
tween the fire-box and the sloping courses which taper to the diameter of the 
main shell. 

Classification of Boilers as to Fire-Box Used. Boilers are fre- 
quently referred to also and designated by the type of fire-box con- 
tained, such as Belpaire, Woolen, and Vanderbilt This designation 
does not in any way conflict with the classification of different types 
of boilers already given but refers to the general character of the fire- 
box; that is, the boiler may be classified as a straight top boiler and at 
the same time a Wooten fire-box. Since this is true it is necessary 
to know the distinction between the Belpaire, the Wooten, and the 
Vanderbilt types of fire-box. 

The Belpaire boiler, as illustrated in Fig. 36, has a fire-box with 
a flat crown sheet A jointed to the side sheets B by a curve of short 
radius. The outside sheet C and the upper, part of the outside sheets 
D are flat and parallel to those of the fire-box. These flat parallel 
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platcvs arc stayed by vertical 
and transverse stavs and obvi- 
ate the necessity of crown bars 
to support and strengthen the 
crown sheet. The advantage 
gained is that the stay bolts 
holding the crown and side 
sheets can be placed at right 
angles to the sheets into which 
they are screwed. 

The Variderbilt fire-box is 
built of corrugated forms, as 
illustrated in Fig. 37. The 
principal object in the design 
of this fire-box is to eliminate 
stay bolts which are a source 
of much trouble and expense 
f in keeping up repairs. Only 
a few locomotives fitted with 
this type of fire-box have been 
used. 

The Woolen fire-box ^ so- 
called, obtained its name from 
the designer. This form of 
fire-box extends out over the 
frames and driving wheels, as 
may be seen from Fig. 3cS. It 
was designed for the purpose 
of burning fine anthracite coal 
but soon after its introduction 
it found favor with a few rail- 
roads using bituminous coal. 
The drawing shown in Fig. 39 
illustrates its general construc- 
tion. It has rendered good 
, service in certain localities but 
has never been verv extensively 
used. 
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Id addition to tlie deaigoations given the various boilers already 
mentioned, they are frequently spoken of as narrow or wide fire-box 
locomotives. A narrow fire-box is one which is placed between the 
frames or may rest on the frames between the driving wheeb. These 
conditions limited the width of the fire-box from 34 to 42 inches. 
Wide fire-boxes are those which extend out over the wheels, as is the 
case in the Wooten, their width only being limited by road clearances. 
The dimensions commonly used are as follows : width 66, 76, 85, 103, 



Pig. SB. BelpiOce BoUer. 

and 109 inches; length 85, 97, 103, 115, and 121 inches, all dimensions 
being taken inside of the fire-box ring. Variations above and below 
these figures are often found which are made necessary by existing 
conditions. 

In locomotives where the fire-box is placed between the axles, 
the length of the fire-box is limited by the distance between the axles 
and is rarely more than 6 or 9 feet, from which the front and back 
1^ must be deducted. Placing the fire-box on top of the frames 
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makes any length possible, the length being governed by the capa- 
bility of the fireman to throw the coal to the front end of the fire-box. 
Flues. From the sectional view of the boiler illustrated in Fig. 
32 and Fig. 44, it is evident that a large part of the boiler is composed 
of flues or tubes. The flues give to the boiler the largest part of its 
. heating surface. It is the flues which largely affect the life of the 
boiler and, therefore, the life of the locomotive, for this reason it is 
quite necessary to properly install and maintain them. A large 
amount of the repair costs is directly traceable to the flues. This b 
especially true in localities where water is found which causes scale 
to form on the flues from ^ig to J inch in thickness, thus causing 
unequal expansion and contraction and overheating. These condi- 



Plg. 3S. Enjcine will) Wooten Fire-Box. 

tions cause the joints to break at Ihc flue sheets. Cold air entering the 
fire-box door is another source of flue trouble. It is to these details 
that careful attention must be given in order to afleviate flue failures. 
Flues should be made of the best quality of charcoal iron, lap-welded, 
and subjected to severe tests before being used. They must be ac- 
curately made, perfectly round and smooth, must fill standard gauges 
perfectly, must be free from defects such as cracks, blisters, pits, welds, 
etc., and must be uniform in thickness throughout except at the weld 
where xSv oi an inch additional thickness may be allowed. The 
present practice b to use tubes of from 2 to 2^ inches in diameter. 
They vary in length from about 15 to 20 feet, the length depending on 
the construedon of the boiler and locomotive as a whole. The tubes 
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are supported at each end by letting then> extend through the tube 
sheets. It is in the setting of the tubes that great care should be 
exercised. The tube sheets must be carefully aligned and the hole 
drilled through and reamed. These holes are usually made yV 
of an inch larger in diameter than the outside diameter of the tubes. 
The tubes should be made not less than J nor more than f inch 
longer than the gauge distance over the front and back flue sheets. 
All back ends of tubes should be turned and beaded, and at least 
ten per cent of those in the front end. The number of tubes used 
varies according to the type and size of the locomotive but usually 
from 300 to 500 are employed. The flue sheets are made thicker 
than the other sheets of the boiler in order to give as wide a bearing 
surface for the tubes as possible. They are usually f inch thick. 

The flue sheets are brac- 
ed or stayed by the flues 
and by diagonal braces 
? fastened to the cylindrical 
shell. The bridges or 
metal in the flue sheets 
between two adjacent 
flues are usually made 
from J to 1 inch in width. The greater the width of the bridges, the 
greater the space between the flues; therefore, better circulation will 
be obtained. 

Stay-Bolts. The universal method of staying flat surfaces 
of the fire-box at the sides and front is by the use of stay-bolts. These 
stay-bolts are screwed through the two sheets of the fire-box and are 
riveted over on both ends. Fig. 40 illustrates a stay-bolt screwed 
into position and represents a strong and serviceable form. The 
stay-bolt is cut away between the sheets and only sufficient thread is 
cut at the ends to give it a hold in the metal. In Fig. 40, -4 represents 
the inside sheet or the one next to the fire, and B represents the out- 
side sheet. A small hole C is drilled into the outside end of the stay- 
bolt. This IS known as the iell-tale hole and will permit the escape of 
water and steam should the bolt become broken. This tell-tale hole 
is usually ^ of an inch in diameter and 1\ inches deep and is 
drilled at the outer end of the stay-bolt, since almost invariably the 
fracture occurs near the outer sheet. All boiler stay-bolts, including 





Fig. 40. Screw Stay-Bolt. 
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radial stays, have 12 Whitworth standard threads per inch. The 
most common cause of stay-bolts breaking is the bending at the point 
B, Fig. 40, due to the expansion of the sheets A and B. The sheet 
A, being next to the fire, is kept at a much higher temperature while 
the boiler is at work than the sheet B, which is subjected to the com- 
paratively cool temperature of the atmosphere. This causes the 
plates A and B to have a movement relative to each other due to un- 
equal expansion. The breakage is greatest at points where the 
greatest amount of movement takes place. As the two sheets are 
rigidly fastened to the mud ring, it is evident that the variation of 
expansion must start from that point; hence, the greatest vertical 
variation will be found at the top of the fire-box. In like manner, the 
back heads are securely fastened by stay-bolts so that horizontal varia- 
tion must start at the 
backVnd; consequent- 
ly the greatest hori- 
zontal variation will 
be found at the front 
end of the fire-box. 

The result of these two pjg. jj. pieiibio si»y-Boit. 

expansions will, there- 
fore, be greatest at the upper portion of the front end. It is there 
that the greatest number of staybolt breakages occur. 

In order to avoid these bending stresses, a number of different 
forms of flexible stay-bolts have been designed. One form of these 
is shown in Fig. 41. The stay-bolt proper. A, has a ball formed 
on one end and a thread cut on the other. A plug B sets over the 
ball and forms a socket in which the latter can turn. As the stay- 
6olt is free to revolve in the plug, thoe is no necessity of the thread 
of the s^y-bolt being cut in unison with the thread on the plug. 
Such a stay-bolt as this permits the inner sheet of the fire-box to move 
to and fro relative to the outer sheet without bending the outer end 
of the stay-bolt. Flexible stay-bolts when used are placed in what is 
known as the zone of fracture. Fig. 42 and Fig, 43 illustrate the 
application of flexible stay-bolts to a wide fire-box. Fig. 42 shows 
five rows of flexible stay-bolts at each end of the fire-box and four rows 
at the bottom parallel to the mud ring. It should be remembered, 
however, that this is one installation only and that the arrangement 
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in all cases may vary but this ilUisfration is representative of 
good practice. Another illustration is shown in Fig. 45. Here the 



Fig. <3. Botler, Showing Vae of Flvxlble^Scay-BoIu. 

flexible stuy-bolts are shown by shaded circles. It is evident from 
Fig. 43 that all the stays in the tliroat sheet are flexible, which is a 



Tlfc. 43, Boiler. Sliowlng Use of Flexible Stay-Bolta. 

verj' pood arrangement since the .stay-lKiIls in the throat sheet are 
subjected to very severe strains. On some railroads, flexible stay- 
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bolts are put in the fire-box door sheets but this practice varies in 
some details for different roads. 

Stay-bolts should be made of the best quality double refined 
iron free from steel, having a tensile strength of not less than 48,000 
pounds per square inch. The bars must be straight, smooth, free 
from cinder pits, blisters, seams, or other imperfections. The 




Fig. 44. Section of Boiler Having Radial Stays. 

common practice is to use stay-bolts } or 1 inch in diameter spaced 
about 4 inches from center to center. 

Stay-bolt breakage is very large in bad water districts and gives 
a great deal of trouble on most railroads. The stay-bolt problem, 
therefore, is a very important one. 

In addition to staying the sides and front and back ends, it is 
also necessary to stay the crown sheet. To accomplish this, two 
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general methods have been used. The oldest of these, by the use of 
crown bars, has almost passed out of service and well it is because 
of the many objectionable features it possessed. In this method, 
a number of crown bars were used which were supported by the 
edges of the side sheets and which were held apart by spacers resting 
upon the crown sheet and to which the crown bars were tied by bolts. 
The crown sheet was supported by stay-bolts which were bolted 
to the crown bars. A great deal of the space over the crown sheet 
was taken up by these crown bars which greatly interferred with the 
circulation and made it very difficult in cleaning. The second method 




Fig. 45. Section Showing Two Types of Stays. 

of staying the crown sheet is by means of radial stays. All stay- 
bolts over 8 inches in length are usually classified as radial stays. 
Radial stay-bolts are of the same general type and material as the 
stay-bolts already described, and are put in on radial lines; hence 
their name. Fig. 44 shows a section of a boiler having radial stays 
A. These stays extend around the curved surface of the fire-box 
from the back to within two or three rows of the front end as illus- 
trated at Ay Fig. 45. The stays B in Fig. 45 are of a different form 
and are frequently used in the front end to allow for expansion and 
contraction of the flue sheet. These extend around to the curved 
surface in the same manner as do the radial stays shown in Fig. 44. 



56 



LOCOMOTIVE BOILERS AND ENGINES 47 

All radial stays should have enlarged ends with bodies ^ 
inch smaller in diameter than the outside diameter of thread. They 
should be made with button heads and should have threads under 
heads increased in diameter by giving the end a taper J inch in 12 
inches. Radial stays commonly used are 1 inch, 1^ inch, and 1} 
inch in diameter at the ends. The allowable safe fiber stress is 4,500 
pounds per square inch. 



I<^. 16. ElevBtlon and Plui ol Orate. 

Grates. The grate is made up o( a set of parallel bars at the 
bottom of the fire-box, which hold the fuel. These bars are com- 
monly made of cast iron and constructed in sections of three or four 
bars each. They are supported at their ends by resting upon a frame 
and are connected by rods to a lever which can be moved back and 
forth to rack the bars and shake ashes and cinders out of the fire. 
A drawing of such a grate is illustrated in Fig. 46. When the grates 
occupy the fuU length of the fire-box they are divided into three 
sections, any one of which can be moved by itself. 
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In the burning of anthracite coal, water grates are commonly 
used, a type of which is illustrated in Fig. 47 and Fig. 48. In Fig. 
47, the grate is formed of a cube a expanded into the back sheets of 
the fire-box and inclined downward to the 
front in order to insure a circulation of 
water. Opposite the back opening, a 
plug is screwed into the outer sheet which 
affords a means whereby the tube may 
be cleaned and a new one inserted in 
position if a repair is needed. At the 
front end, the tube is usually screwed into 
the flue sheet. Water grates are rarely 
used alone but usually have spaced be- 
tween them plain bars. These bars pass 
through tubes expanded into the sheets 
of the back water leg and by turning 
them, the fire may be shaken; and by 
withdrawing them, it may be dumped. 

Fig. 48 shows a cross-section of the arrangement usually employed. 
In this figure, A represents the water tube and B, the grate bars. 

Ash Pans. Ash pans are suspended beneath the fire-box for 
the purpose of catching and carrying the ashes and coal that may 
drop between the grate bars. They are made of sheet steel. Fig. 




Fig. 47. Details of Water Grate 
for Anthracite Goal. 
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Fig. 48. Crofis-Section of Water Grate. 

49 illustrates a longitudinal section of an ash pan commonly used 
in fire-boxes placed between the axles of the engine. It is provided 
at each end with a damper a hinged at the top and which may be 
opened and set in any desired position in order to regulate the flow 
of air to the fire. It is quite important that the dampers should be 
in good condition in order that the admission of air to the fire may be 
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regulated. The total unobstnictetl air openings in the ash pan need 
not exeee(i the total tiilx" area hut shonlil not be less than 75 per cent. 
For many years the tyjx- shown in Fig. 49 was almost universally 
used. More recently, however, a damper capable of better adjust- 




Plg. 49. Aflh Pans SliowiDg OW Lower Damper. 

mcnt and more easily kept in condition has been developed. Such a 
damper h illu.strated in Fig. 50. In this tjpe the dampers are placed 
upon the front faces of the ash pan and are raised and lowered by 
the contraction of levers and bell cranks. For example, the lifting 
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11 of Damper. 



of the bar a turns the bell crank d which pulls the connection c c 
which operates the forward bell crank and opens the front damper. 
In a similar manner, the rear damper t may be operated. If these 
dampers were made of east iron and work in guides, it is possible to 
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have the construction such that when closed they will be practically 
air tight. 

Brick Arches. A brick arch is an arrangement placed in the 
fire-box to effect a better combustion aad to secure a more even dis- 
tribution of the hot gases in their passage through the tubes. Fig. 
33 illustrates a longitudinal section of the fire-box fitted with a brick 
arch A. Its method of action is very simple. It acts as a mixer of 
the products of combustion with the air and as a reflector of the radiant 
heat of the fire and the escaping gases. It is maintained at a very 
high temperature and in this condition meets the air and gases as 
they come in contact with it and turns them back to the narrow open- 
ing above. By this action it maintains a temperature sufficiently 
high to bum with the smallest possible quantity of air all the car- 
bonic oxide and the hydrocarbons that arise from the coal. It thus 
effects a very considerable saving in the cost of running, does away 
to a great extent with the production of smoke, and develops a high 
calorific power in comparatively small fire-boxes. This is a valuable 
property since it is possible for the boiler to utilize the heat value of 
the coal to the greatest possible extent. The bricks are usually about 
4 or 5 inches thick and are ordinarily supported either by water tubes, 
as shown in Fig. 33 and Fig. 45, or by brackets in the form of angle- 
irons riveted to the side sheets. The disadvantage accruing from 
the use of the brick arch is that it is somewhat expensive to maintain 
because of the rapid deterioration and burning away of the material. 

Smoke-Box and Front End Arrangement. By the term front 
end is meant all that portion of the boiler beyond the front tube sheet 
and includes the cylindrical shell of the boiler and all the parts con- 
tained therein such as the steam or branch pipes, exhaust nozzle, 
netting, diaphragm, and draft or petticoat pipes. These parts 
referred to above are illustrated in the sectional view shown in Fig. 32. 

The Steam or Branch Pipes. These pipes, 33, follow closely 
the contour of the shell and connect the T-head, 34, with the steam 
passage leading to the cylinder and conduct the steam from the dry- 
pipe to both the right and the left cylinders. 

Exhaust Nozzle. The exhaust nozzle is the passage through 
which the steam escapes from the cylinders to the stack. 

Netting. The netting, 26, is a coarse wire gauze placed in the 
front end which prevents large cinders from being thrown out by the 
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action of the exhaust and thereby reduces the chances for fires being 
started along the right of way. 

Diaphragm. The diaphragm or deflector plate^ 27^ is an iron 
plate placed obliquely over a portion of the front end of the flues 
which deflects the flue gases downward before entering the stack, 
thus equalizing to a great extent the draft in the different flues. This 
deflector plate may be adjusted to deflect the gases more or less as 
desired. 

Draft Pipes. The petticoat or draft pipes, 36, employed to 
increase the draft may be used singly or in multiple and raised or 
lowered as desired. 

Draft. The front end must be regarded as an apparatus for 
doing work. It receives power for doing this work from the exhaust , 
steam from the cylinders. The work which it performs consists in 
drawing air through the ash pan, grates, fire, fire door, and other 
openings, then continues its work by drawing the gases of com- 
bustion through the flues of the boiler into the front end, then forcing 
them out through the stack into the atmosphere. In order that this 
work may be accomplished, a pressure less than the atmosphere 
must be maintained in the smoke-box. This is accomplished through 
the action of the exhaust jet in the stack. The difference in pressure 
between the atmosphere and the smoke-box is called draft 

Under the conditions of conmion practice, the exhaust jet does 
not fill the stack at or near the bottom but touches the stack only 
when it is very near the top. The action of the exhaust jet is to en- 
train the gases of the smoke-box. A jet of steam flowing steadily 
from the exhaust tip when the engine is at rest produces a draft that 
is in every way similar to that obtained with the engine running. 
The jet acts to induce motion in the particles of gas which imme- 
diately surround it and also to enfold and to entrain the gases which 
are thus made to mingle with the substance of the jet itself. 

The induced action, illustrated in Fig. 51, is by far the most 
important. The arrows in this figure represent the direction of the 
currents surrounding the jet. It will be seen that the smoke-box 
gases tend to move toward the jet and not toward the base of the 
stack; that is, the jet by the virtue of its high velocity and by its 
contact with certain surrounding gases gives motion to the particles 
dose about it and these moving on with the jet make room for other 
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F{g. 51. Section of Exhaust Outlet into Stack, Showing Best Form 

to Produce Greatest Draft. 
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particles farther away. As the enveloping stream of gas approaches 
the top of the stack its velocity increases and it becomes thinner. 
The vacuum in the stack decreases towards the top. Thus the jet 
in the up(Ner portion of the stack introduces a vacuum in the lower 
portion just as the jet as a whole induces a vacuum in the smoke-box. 




b'lg. i2. Forma o[ Exiiftust h'ozzles. 

It will be fouiul that the highest vacuum is neur the luise <jf the .stack. 
It is higher than the smoke-box on ac-count of the large volume of gas 
in the latter and it grows less toward the top of the stack. Tliis is 
illustrated by the different gauges 
shown in Fig. .">1. 

Exhaust Nozzles. Ithasbeen 
determined by experiment that 
the most efficient form of exhaust 
nozzle is that which keeps the jet 
in the densest and most compact 
form. Tests indicate that the 
nozzle giving the jet the least 

spread is the most efficient. Of the three forms of exhaust nozzles 
shown in Fig, 52, the spread of tlie jet is least for a and most 
for c. Nozzle a ends in a plain cylindrical portion 2 inches in 
length. Nozzle c is contracted in the form of a iilain cylinder 
engine in an abnipt eyiindrieal contmetion. It has been common 
practice, in eases where engines refuse to steam proptTly, to put 
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Fig. 54. Best Propor- 
tions for Single Draft 
Pipe and Stacic. 



across the exhaust nozzles round or knife-shaped bridges as indi- 
cated in Fig. 53. The use of bridges accomplishes the desired 
result but experiments have shown that this method materially affects 
the eflSciency of the engine because of the increase of back pressure in 
the cylinders. It is, therefore, best not to split 
up the jet by using a bridge in cases where the 
draft is unsatisfactory, as the desired results may 
be obtained by reducing the diameter of the 
exhaust nozzle. 

As previously stated, draft or petticoat pipes 
are used for the purpose of increasing the draft 
or vacuum in the front end and in the tubes. 
A great many tests have been -made under the 
supervision of the Master Mechanics'* Association 
todetermme the proper proportions of the petti- 
coat pipes and their best relative position with reference to the stack 
and exhaust nozzle. 

The report of the committee of the Master Mechanics' Associa- 
tion with reference to single draft pipes states "that for the best re- 
sults, the presence of a draft pipe requires a smaller stack than would 

be used without it but that no best combination 
of single draft pipe and stack could be found 
which gave a better draft than could be obtained 
by the use of a properly proportioned stac*k with- 
out the draft pipe. While the presence of a 
draft pipe will improve the draft when the stack 
is small it will not do so when the stack is sufB- 
ciently large to serve without it. The best pro- 
portion and adjustment of a single draft pipe and 
stack are shown in Fig. 54." 

The finding of the same committee with refer- 
ence to the use of the double draft pipes is as 
follows: "Double draft pipes of various diameters and lengths and 
having many different positions within the front ends all in com- 
bination with stacks of different diameters, were included in the 
experiments with results which justify a conclusion similar to that 
reached with reference to single draft pipes. Double draft pipes 
make a small stack workable. They cannot serve to give a draft 
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Fig. 65. Best Propor- 
tions for Double 
Draft Pipe and 
Stack. 
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equal to that which may be obtained without them provided the 
plain stack is suitably proportioned. The arrangements and pro- 
portions giving the best results are illustrated in Fig. 55/' 

Stack. The stack is one of the most important features of the 
front end. Many diflFerent forms and proportions of stacks have 
been employed but at the present time only two general types are 
found in use to any great extent, namely, the straight and tapered 
stacks. 

In connection with tests conducted in the Locomotive Testing 
Laboratory at Purdue University, it has been found that the tapered 
stack gives much better draft values than the straight stack. It was 
also found that the effect on the draft due to minor changes of pro- 
portion, both of the stack itself and the surrounding mechanism, was 
least noticeable when the tapered stack was used than was the case 
with the straight stack. A variation of one or two inches in the 

diameter of the tapered stack or height of the 
exhaust nozzle affected the draft less than similar 
changes with a straight stack. For these reasons, 
the tapered stack was recommended in preference 
to the straight stack. By the term tapered stack 
as herein referred to, is meant a stack having its 
least diameter or choke 16^ inches from the bot- 
tom, and a diameter above this point increasing 
of Nozzle and Stack, at the rate of two inches for each additional foot. 

The diameter of any stack designed for best 
results is affected by the height of the exhaust nozzle. As the 
nozzle is raised, the diameter of the stack must be reduced and as 
the nozzle is lowered, the diameter of the stack must be increased. 
From the facts mentioned above, it can be seen there exists a close 
relation between the exhaust nozzle, petticoat pipe, stack, and the 
diaphragm; hence a standard front end arrangement has been 
recommended and is presented herewith. 

The best arrangement of front end apparatus is shown in Fig. 
5G, in which 

H = height of stack above boiler shell in inches 

D = diameter of shell in inches 

L == length of the front end in inches 

P = the distance in inches stack extends into the smoke-box 
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N — distance in inches from base of stack to choke 

b = width of stack in inches at the base 

d = diameter of stack in inches at the choke 

h = distance in inches of the nozzle below the center line 
of smoke-box 

In order to obtain the best results, H and h should be made as 
great as possible while the other principal dimensions should be as 
follows: 

d = .21 /> + .16 h 

6 = 2 rf or .5 D 

P = .32 2) 

A^ = .22 D 

Rate of Combustion. It is a well-known fact that each pound of 
fuel is capable of giving out a certain definite amount of heat. There- 
fore, the more rapid the combustion, the greater the amount of heat 
produced in a given time. In stationary boilers, where the grate is 
practically unlimited, the rate of combustion per square foot of grate 
area per hour varies from 15 to 25 pounds. In locomotives, however, 
where the grate area is limited, the fuel consumption is much greater, 
rising at times as high as 200 pounds per square foot of grate area per 
hour. This rapid combustion results in a great loss of heat and a 
reduction in the amount of water evaporated per pound of coal. It 
has been shown that when coal is burned at the rate of 50 pounds 
per square foot of grate area per hour, 8{ pounds of water may be 
evaporated for each pound of coal. WTiile if the rate of combustion 
is increased to 180 pounds per square foot of grate area per hour, 
the evaporation will fall off to about five pounds, a loss of water 
evaporated per pound of coal of nearly 40 per cent. This loss may 
be due to a failure of the heating surface to absorb properly the in- 
creased volume of heat passing over them, or to the imperfect 
combustion of the fuel on the grate, or it may be due to a combination 
of these causes. 

The results of experiments show that the lower the rate of com- 
bustion the higher will be the efficiency of the furnace, the conclusion 
being that very high rates of combustion are not desirable and con- 
sequently that the grate of a locomotive should be made as large as 
possible so that exceptionally high rates of combustion will not be 
necessary. 
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With high rates of combustion, the loss by sparks is very serious 
and may equal in value all of the losses occurring at the grate. Fig. 
57 is a diagram representing the losses that occur, due to an increase 
in the rate of combustion. The line a b illustrates graphically the 
amount of water evaporated per pound of coal for the various rates 
of combustion. Thus, with a rate of 50 pounds per square foot of 
grate area per hour, 8} pounds of water are evaporated. When 
the rate of combustion is raised to 175 pounds, only about 5J pounds 
of water are evaporated. It is thus seen that the eflSciency of the 
locomotive from the standpoint of water evaporated per pound of 




00 too 190 200 250 

Fig. 57. Curves Showing Losses Due to Incresfies in Rate of Combustion. 

coal decreases as the rate of combustion per square foot of grate area 
increases. If it could be assumed that the heat developed in the 
furnace would be absorbed with the same degree of completeness 
for all rates of combustion, the evaporation would rise to the line a c. 
If, in addition to this, it could be assumed that there were no spark 
losses, the evaporation would rise to the line a d. Finally, if in 
addition to these, it could be assumed that there were no losses by the 
excess admission of air or by incomplete combustion, then the evap- 
oration would remain constant for all rates of combustion and would 
be represented by the line a e. That is, with the boiler under normal 
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conditions, the area ab c represents the loss occasioned by deficient 
heating surface; the area a c d represents that caused by spark 
losses; and the area a d e represents that due to excessive amounts 
of air and by imperfect combustion. 

Spark Losses. From the diagram shown in Fig. 57, it is evident 
that one of the principal heat losses is that of sparks. By the term 
sparks is meant the small particles of partially burned coal which 
are drawn through the flues ^nd ejected through the stack by the 
action of the exhaust. In the operation of a locomotive, it has been 
demonstrated that the weight of sparks or cinders increases with the 
rate of combustion and may reach a value of from 10 to 15 per cent 
of the total weight of coal fired. Damage suits frequently arise, due 
to fires started by cinders thrown from the stack of the locomotive. 
Experiments have sBown, however, that sparks from a locomotive 
will not be likely to start fires beyond the right of way. 

High Steam Pressures. With the development of high-power 
locomotives came the use of high steam pressures. At first, only very 
low pressures were carried but soon 200 pounds pressure per square 
inch became very common and 220 and 225 not unusual. But with 
the increase of pressure there came an increase in trouble due to 
bad water, leaky flues, and an increase in incidental leaks in the 
boiler. All of these factors affected the performance of the locomo- 
tive. To determine to what extent the economic performance of the 
boiler was affected by an increase of steam pressure and also the 
most economical steam pressure to use, a series of tests were carried 
out at Purdue University. . The following are the conclusive results as 
read before the Western Railway Club by Dean W. F. M. Goss : 

THB EFFECT OF DIFFERENT PRESSURES UPON 

BOILER PERFORMANCE 

1. The evaporative efficiency of a locomotive boiler is but slightly 
affected by changes in pressure between the limits of 120 pounds and 240 pounds. 

2. Changes in steam pressure between the limits of 120 pounds and 
240 poimds will produce an effect upon the efficiency of the boiler which will 
be less than one-half pound of water per pound of coal. 

3. It is safe to conclude that changes of no more than 40 or 50 pounds 
in pressure will produce no measurable effect upon the evaporative efficiency* 
of the modern locomotive boiler. 
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THB EFFECT OF DIFFERENT PRESSURES UPON 
SMOKE-BOX TEMPERATURES 

1. The smoke-box temperature falls between the limits o( 590 degrees 
F. and 850 degrees F., the lower limit agreeing with the rate of evaporation 
of 4 pounds per foot of heating surface per hour and the higher with a rate of 
evaporation of 14 pounds per square foot of heating surface per hour. 

2. The smoke-box temperature is so slightly affected by changes in 
steam pressure as to make negligible the influence of such changes iix pressure 
for all ordinary ranges. 





CONCLUSIONS 




jteam consumption imder normal conditions of runnin 
follows: 


BOILBH 




Steam per Horbe- 


Pbessubb 




PowEB Hour 


120 




29.1 


140 




27.7 


160 




26.6 


180 




26.0 


200 




25.5 


220 




25.1 


240 




24.7 



2. The results show that the higher the pressure, the smaller the pos- 
sible gain resulting from a given increment of pressure. An increase of pres- 
sure from 160 to 200 pounds results in a saving of 1.1 poimds of steam per 
horse-power per hour while a similar change from 200 pounds to 240 pounds 
improves the performance only to the extent of .8 of a pound per horse-power 
hour. 

3. The coal consumption under normal conditions of running has been 
established as follows: 

Boiler Coal per Horbe- 

Pbesbubb Poweb Houb 

120 3.84 

140 3.67 

160 3.53 

180 3.46 

200 3.40 

220 3.35 • 

240 3.31 

4. An increase of pressure from 160 to 200 poimds results in a saving 
of 0.13 pounds of coal per horse-power hour while a similar change from 200 
to 240 results in a saving of but 0.09 pounds. 

5. Under service conditions, the improvement in performance with 
increase of pressure wHl depend upon the degree of perfection attending the 
maintenance of the locomotive. The values quoted in the preceding para- 
graphs assume a high order of maintenance. If this is lacking, it may easily 
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happen that the saving which is anticipated through the adoption of higher 
pressures will entirely disappear. 

6. The difficulties to be met in the maintenance both of boiler and 
cylinders increase with increase of pressure. 

7. The results supply an accurate measure by which to determine the 
advantage of increasing the capacity of a boiler. For the development of 
a given power, any increase in boiler capacity brings its return in improved 
performance without adding to the cost of maintenance or opening any new 
avenues for incidental losses. As a means of improvement it is more certain 
than that which is ofiFered by increase of pressure. 

8. As the scale of pressure is ascended an opportunitv to further in- 
crease the weight of a locomotive should in many cases find expression in the 
design of a boUer of increased capacity rather than in one of higher pressures 

9. Assuming 180 pounds pressure to have been accepted as standard 
and assuming the maintenance to be of the highest order, it will be found 
good practice to utilize any allowable increase in weight by providing a larger 
boiler rather than by providing a stronger boiler to permit higher pressures^ 

10. Whenever the maintenance is not of the highest order, the standard 
running pressures'should be below 180 pounds. 

11. Where the water which must be used in boilers contains foaming 
or scale-making admixtures, best results are likely to be secured by fixing 
the pressure below the limit of 180 pounds. 

12. A simple locomotive using saturated steam will render good and 
efficient service when the running pressure is as low as IGO pounds. Under 
most favorable conditions, no argument is to be found in the economical 
performance of a machme which can justify the use of pressures greater than 
200 pounds. 

Heating Surface. While the points thus far considered are more 
or less important in their bearing in die generation of steam vet the 
amount of heating surface is, as a nde, die most important. As pre- 
viously stated, the lower the rate of combusdon per square foot of 
heating surface, the higher will be the rate of evaporation per pound of 
coal. The ratio of the heating surface of the flues to that of the fire- 
box varies gready, in some cases being only 9 to 1 while in others it 
is found as great as 18 to 1. There is perhaps a correct value for this 
ratio, but at the present time it is unknown. The relation existing 
between the total heating surface and the grate area varies between 
wide limits for different cases. Table III, taken from the Proceedings 
of the Master ^lechanics' Association for 1902, gives the ratio of 
heating surface to grate area in passenger and freight locomotives 
burning various kinds of fuel. 
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TABLE III 
Ratio of Heatlne Surface to Qrate Area 





I-.<«8 


^S„ZK 


LOCOUOTIVE 


FreioiitL 


OCO«<,T,VC 




S.M..LE 


CoilPOUND 


aiKPLE 


CO...... 


Free Burning 
Bituminous 


G5 to 90 


75 to 95 


70 to S5 


G5 to 86 


Average Bituminous 


50 t 


oG5 


60 to 75 


45 to 70 


50 to 65 


Slow Burning 


40t 


o50 


35 to 60 


35 to 45 


45 to 50 


Free Burning Ant hracite 


:«t 


o40 


30 to :i5 


30' to 35 


40 to 45 


LiRnito. and Slack 


2S. 


o35 


24 to m 


25 to 30 


30 to 40 



From the foregoing, it is evident 
that' it is exceedingly difficult to 
determine just how much heating 
surface a locomotive boiler should 
have to give the best results. As a 
rule, they arc made as lai^ as 
possible so long as the total allow- 
able weight of the lofximotive is not 
exceeded. This is not, however, a 
scientific rule to follow but it is safe 
to say that the value of no locomo- 
tive has ever been impaired by 
having too much heating surface. 
The greater the boiler power, the 
higher will be the speed which can 
be maintained. It is important 
that the boiler be covered with a 
good lagging in order to prevent loss 
of heat due to radiation. 

Superheaters. In recent years 
there has been added to the locomo- 
tive and used In the United States to 



Fig. 6S. Plelock Sui>erbeat«r. 



certain limited extent a 



superheater. A superheater consists of a series of tubes and headers 
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usually placed in the smoke-box, through which steam passes on its 
way from the boiler to the cylinders. By the use of the superheater, 
additional heat is imparted to the steam as it passes from the dry pipe 
to the cylinders. As the steam comes from the dry pipe it is known 
as saturated steam, that is, steam containing a small amount of moist- 
ure. If more heat is given to the steam, its temperature is raised, 
the pressure remaining unchanged. Steam thus heated becomes 
more like a gas and possesses a large amount of heat energy which 
is available for doing work. Since this additional energy is secured 
from the waste gases which pass out of the stack, the economy of the 
locomotive will be improved. Locomotives equipped with super- 
heaters show a considerable saving in the amount of coal and water 
used. A brief description of the more important types of super- 
heaters is as follows: 

Piehck Superheater. The Pielock superheater, illustrations of 
which are shown in Fig. 58 and Fig. 59, is found in use on a number 
of railways in Germany and in Italy, and also on the Hungarian 
State Railways. Its construction consists of a box containing tube 
plates corresponding to those of the boiler, the box being set in the 
boiler barrel so that the flues pass through it. It is placed at such 
a distance from the fire-box as will prevent the tubes from becoming 
overheated. The vertical baffle plates G between the rows of tubes 
cause the steam to follow a circuitous path passing up and down be- 
tween the tubes. The steam from the dome passes down the open pipe 
A, Fig. 59, to the left-hand chamber S, then transversely to the several 
chambers as shown by arrows until it reaches the right-hand chamber 
C. From the chamber C it passes up through the pipe D to the cham- 
ber enclosing a throttle valve from which it enters the steam pipe E, 

In installing the superheater, the boiler tubes are first set in place 
in the superheater and then placed in the boiler, the smoke-box tube 
plate being left off for this purpose. The tubes are first expanded 
into the fire-box or back flue-sheet, then in the superheater plates (for 
which a special mandrel is used), and finally in the front flue-sheet. A 
blow-off cock extends from the bottom of the superheater through the 
boiler by means of which any leaks in the superheater may be 
detected. A gauge at the bottom indicates the degree of superheat 
of the steam in the throttle valve chamber. 

This type of superheater can be applied to a locomotive without 
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making any alteration since the superheater is built to fit the boiler 
in which it is to be used. It does not interfere with the cleaning of 
the flues or the washing out of the boiler. It is reported that by the 
use of this superheater a saving in coal of about 15 to 18 per cent and in 
water of about 20 per cent, is effected. 

Schmidt Superheater. The Schmidt superheater is another 
type which is largely used on German railroads. Its construction is 
based on entirely diflFerent principles from those of the Pielock super- 
heater. It differs from the Schenectady or Cole superheater in details 
only. 

Schenectady or Cole Superheater. The Schenectady superheater 
was developed by the American Locomotive Company. It has had 
a large application in recent years and good results are being obtained. 
The general arrangement and construction of this superheater is 
shown in Fig. 60 and Fig. 61. 

The use of bent tubes and the necessity for dismanding the 
whole apparatus in order to repair a single leaky boiler tube gave 
rise to many objections to the use of superheaters. In the construc- 
tion of the Schenectady superheater, many of the objectionable 
features have been eliminated. By reference to Fig. 60, it will be 
seen that steam entering the T-pipe from the dry pipe A is admitted 
to the upper compartment only. To the front side of the T-pipe are 
attached a number of header castings B, the joint being made with 
copper wire gaskets, as in steam chest practice. E$ich header casting 
is subdivided into two compartments by a vertical partition shown in 
cross-section at C. Five tubes each lyV ii^ch outside diameter are 
inserted through holes (subsequently closed by plugs) in the front 
wall of each header casting. These tubes having first been expanded, 
special plugs are firmly screwed into the vertical partition wall and are 
enclosed by five l|-inch tubes which are expanded into the rear wall 
of the header casting in the usual way. Each nest of two tubes is 
encased by a regular 3-inch boiler tube which is expanded into the 
front and back tube sheets as usual. The back end of each inner 
tube is left open and the back end of each middle tube is closed. The 
back ends of the two tubes are located about 36 inches forward from 
the rear flue sheet. The arrangement of the three flues is shown in 
Fig. 61. The inner tube is allowed to drop and rest on the bottom 
of the middle tube while the end of the middle tube is so constructed 



74 



LOCO:\IOTIVE BOILERS AND ENGINES 



as to support both the 
inner and middle tubes 
in the upper pnrt of the 
3-inch tube, thus leaving 
a clear space below. 

As can be seen hvm 
Fig. 60, steam from the 
dry pipe enters the foi^ 
ward compartments of 
each of the header cast- 
ings, passes back through 
each of the inner tubes, 
thence forward through 
the annular space be- 
tween the inner and mid- 
dle tubes, through the 
rear compartments of 
each of the header cast- 
ings, and thence mto the 
lower compartmen t of the 
T-pipe, thence by the 
right and left steam pipe 
D and E to the^cylinders. 
The steam in passing 
through the different 
channels is superheated 
by the smoke-box gases 
and products of combus- 
tion. In this particular 
design, fifty-five 3-inch 
tubes are employed, thus 
displacing as many of 
the regular smaller tubes 
as would occupy a simi- 
lar space. 

It is necessary to 
provide some means by 
which the superheater 
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tubes shall be protected from excessive heat when steam is not being 
passed tbrou^ them. In liiis instance, this is accomplished by 
the automatic damper shown in Fig. 60. TTie entire portion of the 
smoke-box below the T-pipe and back of the header castings is 
completely enclosed by metal plates, The lower part of this 
enclosed box is provided with a damper which is automatic in its 
action. Whenever the tiirotUe is opened and steam b admitted to 
the steam chest, the piston of the automatic damper cylinder is 




Ftg. ei. Further Deulla of Cole Superheater. 



forced upward and the damper is held open, but when the throltle 
is closed, the spring immediately back of the automatic damper 
cylinder closes the damper and no heat can be drawn through the 
3-inch tubes. In this way, the superheater tubes are prevented 
from being burned. There is a slight loss of heating surface in 
introducing the group of 3-inch tubes and applying a superheater, 
but this loss is more than offset by the gain in economy due to the 
use of the superheated steam. 

The results of laboratorj- tests of the Schenectady superheater 
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indicate a saving of from 14 to 20 per cent of water and from 5 to 12 
per cent of coal. 

Baldwin Superkeaier. The Baldwin superheater which is now 
being used by some raiboads differs from the Schenectady and the 
Pielock superheaters in that it is found entirely within the smoke- 
box. It can be applied to any locomotive without disturbing the boiler 
and its application does 
not reduce the original 
heating surface. 

It consists of two 
cast-steel headers A, Fig. 
62, which are cored mik 
proper passages and 
walls. These headers 
are connected by a large 
number of curved tubes 
which follow the contour 
of the smoke-box shell, 
and are expanded lo 
tube plates bolted to the 
headers. The curved 
tubes are divided into 
groups, the passages in 
the headers being so ar- 
ranged that the steam 
after leaving the T-head 
on either side passes 
down throu^ the group 
forming the outer four 

rows of the rear section ^_ S2. Biidwin 8npa*e»wr. 

ofsuperheater tubes, then 

crosses over in the lower header and passes up through the inner 
group of the next section and up through the outer group and thence 
down through both the inner and outer groups of the forward section 
and through a passage-way in the lower header to the saddle. As 
illustrated in Fig. 63, these tubes are heated by the gases from the fire 
tubes and the deflecting plates are so arranged as to compel these 
gases to circulate around the tubes on both sides to the front end of 
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the smoke-box and thence back through the center to the stack. 
Thus, the superheater uses only such heat as is ordinarily wasted 
through the- stack, and whatever gain in superheat is obtained, is 
' clear gain. 

Experiments so far made with this type of superheater show 
that while it is not possible to obtain a very high degree of superheat, 
yet enough is obtaintnl to very decidedly increase the economy of the 
boiler. The front end is heavily lagged at all points to prevent as 
far as possible all loss of heat by radiation. 

There have been several types of superheaters placed on the 
market in addition to those already mentioned, all having more or 
less merit. They differ in detail of construction but the principle 
embodied is covered by some one of the types described in the precede 
ing pages. 

Locomotive Boiler Design. The design of locomotive boilers 
and engines is a very deep subject — one requiring much thought and 
study. Limited space prevents going into a discussion of the reasons 
for the adoption of different designs. The following formulae for 
the calculation of thickness of plates, spacing of rivets, etc., are given. 
Some of these formulae, while being scmi-erapiric;al, are based on 
theoretical assumptions and represent modem practice in the design 
of parts mentioned. In figuring the thickness of the boiler shell, the 
following formula is given: 

P Df 

2 T E 
where 

t = thickness of shell in inches 
P = steam pressure, pounds per square inch 
D == inside diameter of shell in inches 
/ = factor of safety, usually taken not less than 4 J 
T = tensional strength of plate in pounds per square inch, 

usually taken as 55,000 
E = efficiency of longitudinal joint expressed as a decimal frac- 
tion which may be taken as .85 

Example. In a given locomotive boiler, the first ring is 60 
inches in diameter; the steam pressure is 200 pounds. Required the 
thickness of the plate.. 
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Solution. 

200 X 60 X 4.5 

t = 



2 X 55000 X .85 
== .57 inches 



The eflBciency of the joint is expressed as follows: 
Tearing resistance of joint 



E = 



Tearing resistance of solid plate of same dimensions 



or 



Shearing resistance of joint 

E = 1 1 1 ; ■ 

Shearing resistance of solid plate of same dimensions 
Note : Use whichever value is the least. 

In computing the thickness of the conical connection in a boiler 
shell use the formula 

PDf 



t = 



2 T E 



the inside diameter at the large end'being considered. 

In calculating the thickness of the fire-box side and fire-door 
sheets, the following formula may be used : 



I 2 a 

\l 495 



2p 

49500 



where a = the pitch of stay-bolts in inches. 

The pitch of the stay-bolts may be taken as 



a=^. 



49500 f 
2P 



Example. Determine the thickness of the side sheets when the 
steam pressure employed is 200 pounds per square inch and the stay- 
bolts are spaced 4 inches from center to center. 

Solution. 

i ^ [2 X 4^ X 200 
\ 49500 

= .36 inches 
The safe tensile strength of stay-bolts should be taken not to 
exceed 5,500 pounds per square inch. 
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The diameter of rivets may be determined by the following 
formula: 

d = 1.2 i/r 

The following standard thicknesses of plates are used in loco- 
motive boiler construction: Crown sheet, side sheet, and back fire- 
box sheet, I inch in thickness; for boiler pressures not exceeding 200 
pounds, the boiler head, roof, sides, and dome, | inch thick, while 
for boilers with steam pressures between 200 and 240 pounds, these 
plates are -f^ inch thick. 

In designuig the riveted joints, their strength must be 
considered from several different standpoints. It must be sufficiently 
strong to withstand the tensional stress on the metal contained in the 
plate between the rivets. The plates must be of such thickness as 
will safely carry the compressional stresses behind the rivets and the 
rivets must be placed in rows sufficiently far apart and far enough from 
the edge of the plate to insure against shearing or tearing out of the 
metal. In the formulae for the design of a riveted joint, the following 
notation will be used : 

d = diameter of rivet hole in inches 

p = pitch or distance in inches between center to center of rivets 

t = thickness of plate in inches 

k = distance in inches from edge of plate to center of first 

rivet hole 
T = tensile strength of plate in pounds per square inch, usually 

taken as 55,000 
S = shearing strength of rivets in pounds per square inch, 

usually taken as 55,000 
R = shearing strength of plate in pounds per square inch, 

usually taken as 45,000 pounds per square inch 
C =^ crushing strength of plate in pounds per square inch, 

usually taken as 50,000 pounds per square inch 
/ = factor of safety usually taken not less than 4\ 

The safe resistance in pounds per square inch offered by one 
rivet to shear 

= . 7854(^4- 
/ 
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The safe resistance in pounds per square inch offered to tearing 
of .plate between rivet holes 

- ip-d) t ^j- 

The safe wsistancc to crushing in pounds per square incli of the 
portion of the plate in front of rivet 

/ 
The safe resistance to shearing out in pounds per square inch 
of that portion of the plate in front of the rivet 

• _ 2htR 
f 
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PART n 



THE LOCOMOTIVE ENGINE 

In studying the conditions affecting the performance of the 
engine proper, the amount of lead, outside lap, and inside clearance 
must be taken into consideration- 
Lead. By lead is meant the amount the steam port is open 
when the engine is on dead center or when the piston is at the begin- 
ning of its stroke. This amount varies from to | of an inch in 
practice. By having the proper amount of lead, a sufficient amount of 
steam behind the piston is assured at the beginning of the stroke and 
assists in maintaining the steam pressure until the steam port is closed 
and the steam is thereby cut off. It also serves to promote smooth 
running machinery. Any admission of steam behind the piston 
before the end of the stroke results in negative work, hence the amount 
of lead should be limited and largely controlled by the speed of the 
machine. 

Outside Lap. By the term outside lap is meant the amount the 
valve overlaps the outside edges of the steam ports when it is in its 
central position. One of the effects of increasing outside lap. is to 
cause cut-off to take place earlier in the stroke, other conditions 
remaining unchanged. If, however, the amount of lap is increased 
and it is desired to maintain the same cut-off, the stroke of the valve 
must be increased. Within certain limits, outside lap increases the 
rapidity with which the valve opens the steam port, resulting in a 
freer admission of steam. The range of cut-off is decreased as the 
lap is increased, other conditions remaining the same. 

When the cut-off is short, the exhaust is hastened, an effect which 
diminishes as the cut-off b lengthened. The amount by which the 
steam port is uncovered by the exhaust cavity of the slide valve is 

Copyright 1909^ Amtrican School of Corretpond$nee. 
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increased as the cut-off is shortened. Other things remaining con- 
stant the changing of any one of the events of stroke causes a corre- 
sponding change to a greater or less degree of each of the other events. 
Itiside Clearance. By the expression inside clcaratice is meant 
the amount the steam port is uncovered by the exhaust cavity of the 
valve when the valve is in its central position. Formerly it was cus- 
tomary to have an inside lap of about ^j of an inch but in recent 
years in the development of engines which require a free exhaust at 
high speeds, the inside lap was reduced until now there is in some 
cases from \ to ^'j inches inside clearance. The effect of changing 
a valve from inside lap to inside clearance, other things remaining un- 



Flg. 64. Slaodanl Sleplieiuou Valve Oear. 
changed, is to hasten release and delay compression and hence to 
increase the interval in whicli the exhaust port remains open. It also 
permits a greater extent of exhaust port opening. A,s a consequence, 
the exhaust is freer and the back pressure is reduced, giving an ad- 
vantage in the operation of the engine, which is desire<l at high speeds. 
Experiments have shown that an increase in inside clearance for high 
speeds will bring about an increase in the power of the locomotive, 
but an increase in inside clearance at slow speeds entails a loss of 
power and a decrease in efficiency. The loss in power at low speeds, 
due to inside clearance, is greater at short cut-offs and diminishes as 
the cut-off is increased. Tests have shown that at moderate sptreds, 
say, 40 to 50 miles per hour, all disadvantages are overcome and 
much is gained by having inside clearance. 

Valve Motion. The valve motion of a locomotive engine must 
meet the following regulations: 



LOCOMOTIVE BOILERS AND ExNGINES 



75 



1. It must be so constructed as to impart a motion to the valve 
which will permit the engine to be operated in either direction. 

2. It must be operative when the engine is running at a high or 
low speed and when starting a heavy load. 

3. It should be simple in construction and easily kept in order. 
Valve Gears. A number of valve 

gears have been developed which fulfill 
these requirements more or less satis- 
factorily, such as the Stephenson, the 
Walschaert, Joy, and fixed link. The 
first named is ttie one most commonly 
used in the United States. A sti^4y 
will be made of the Stephenson and 
Walschaert gears, the latter resembling 
in some respects the Joy valve gear. 
The Walschaert gear has been exten- 
sively used in Europe for many years 
and of late years has become quite 
common in America. There are a few 
modifications of the Stephenson gear 
which haveJt)een made to meet structur- 
al requirements but the great majortiy 
of American engines are fitted with a 
device as illustrated in Fig. 64. The 
action of this device is fully explained 
in the paper on "Valve Grears." 

Stephenson Valve Gear. The 
several parts comprising the Stephen- 
son gear consists of the reverse lever, 
reach rod, lifting shaft, link hanger, 
link, eccentric, and rocker arm. 

The reversing lever is given a variety of forms, a good design 
of which is illustrated in Fig. 65. The lever is pivoted at A, below 
the floor of the cab and can be moved back and forth beside the 
quadrant B to which it can be locked by means of the latch C. This 
latch is held down by a spring surrounding the rod D, acting on the 
center of the equalizer E. This makes it possible to use very fine 
graduations of the quadrant and by making- the latch as shown, the 




Fig. 65. ilevorsiug Lovor. 
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cut-off can be regulated by practically what amounts to half notches. 

The reach rod, or reversing rod, is fastened to the reversing lever 
at -iP and consists of a simple piece of flat iron having a jaw at one end 
by which it serves to connect the reversing lever and the lifting shaft 
K, shown in Fig. 64. 

The lifting shaft, shown at K, Fig. 64, consists of a shaft held 
in brackets usually bolted to the engine frames to which are connected 
three arms, one being vertical and to which is attached the reach rod, 
and two horizontal ones from which the links are suspended. 

The link hanger is a flat bar with a boss on each end. It 
carries the link by means of a pin attached to the link saddle, illus- 
trated in Fig. 64. 

The link, Fig. 64, is an open device held by the saddle and 
fitted with connections for the eccentric rod. 

The eccentrics, Fig. 64, usually of cast iron, are fitted to the main 
driving axle. 

The rocker arm, Fig. 64, consists of a shaft to which two arms 
are connected, the lower one of which is attached to the link block and 
the upper to the valve stem. 

Setting the Valves. This is a comparatively simple operation but 
one requiring great care. On account of the angularity of the rods, 
it is impossible to adjust any link motion to give equal cut-off at all 
points for both strokes of the piston. The most satisfactory arrange- 
ment is one which provides for an equalization of the lead and cut-off 
at mid-gear. But even this will cause a variation of cut-off of from f to 
i of one per cent in the full gear part of the cut-off and at other points. 

In setting the valves upon a locomotive, some means must be 
employed for turning the main driving wheels. This is usually ac- 
complished by mounting the main drivers upon small rollers which 
can be turned by a ratchet or motor without moving the locomotive 
as a whole. If a set of rollers are not available, the locomotive may 
be* moved to and fro by using pinch bars. 

Before undertaking the setting of the valves, the length of the 
valve rod must be adjusted. To do this, set the upper rocker arm 
vertical if the valve seat is horizontal; if inclined, the rocker arm 
must be placed perpendicular to the plane of the valve seat. Next 
adjust the length of the valve rod so that it will connect with the rocker 
arm and the valve when the valve is in its central position. The 
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next step is to locate the dead center points which points give the 
position of the crank on the dead center. It is very essential that this 
be done very accurately since a small movement of the crank at this 
position moves the piston but very litde while the same movement 
causes a comparatively large movement of the valve. Hence, if the 
dead center points are not accurately located, the valves will not be 
set so accurately as they otherwise would be. To locate the dead 
center points, proceed as follows: First, secure a tram (2 as shown 
in Fig. 66. This tram should be made of a steel rod about \ inch in 
diameter having each end pointed, hardened, and tempered so as to 
retain a sharp point. With a center punch, make a center e on some 
fixed portion of the frame in such a position that when one point of 




Fig. 66. Diagram for Locating Dead-Center Points. 

the tram is in the center e, the other pointed end can be made to de- 
scribe lines on the main driver. To locate the forward dead center, 
turn the driver ahead until the crank has almost reached the center 
line as shown in the position A B, Fig. 66; that is, when the cross- 
head is, say, J inch from the extreme point of its travel. With the * 
parts in this position, place the tram point in e as shown and locate 
the point a on the driver, and describe the line //on the crosshead 
and guide. Next turn the driver ahead until the crank passes the 
dead center and the lines / / again coincide, when a second point c 
is marked by means of the tram at the same distance from the center 
of the axle as the point a. With a pair of dividers locate the mid- 
position b between a and c. In setting the valves for the head end, 
the required dead center will be located when one tram point is in the 
center e and the other in the center 6. The dead-center point for the 
back stroke is located in the same manner as just described. An 
attempt to place the engine on dead center by measurements taken 
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on the crosshead alone would likely result in an error, since the crank 
might move through an appreciable angle while passing the dead 
center and the consequent movement of the crosshead be inappreci- 
able, hence the advisability of using the more exact method explained 
above is made apparent. 

The reverse lever and all the parts having been connected, to 
set the valves for forward gear, the procedure is as follows: Place the 
reverse lever in its extreme forward position. When this is done 
turn the engine ahead until the valve is just beginning to cut off, as 
shown at /, Fig. 67. WTien this point is reached, stop the engine and 
make a small punch mark such as a on the cylinder casting. Then 
put one end of the tram b into the punch mark and describe an arc 
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Fig. 67. Illustration of Method of Setting Locomotive Valves. 

c ^ on the valve stem. Next turn the driver ahead until the valve is 
just cutting off on the other end. With the same center a as used 
before, describe another arc f g on the valve stem. These two arcs 
are known as the port lines and are to be the reference lines for the 
work which follows. Draw a straight horizontal line if / on the valve 
stem and where it intersects the arcs, make the center marks A B. 
The center A is the front port mark and the center B the back port 
mark. Next, place the reverse lever in the extreme backward position 
and locate points on the valve stem similar to the points A and B, 

To avoid confusion, it is better to make all tram marks for the 
forward movement above the line H I and all those for the backward 
motion below. 

In trying the forward movement of the valve, see that the reverse 
lever is in the extreme forward position, then by running the engine 
ahead, place the crank in turn on each dead center, and describe an 
arc on the valve stem. In trying the valve for the backward gear, 
place the reverse lever in its extreme back position and by running 
the engine backward, place the crank on each dead center and de- 
scribe arcs on the valve stem as before. In either case, if the dead 
center is past, do not back up to it but either make another revolution 
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of the engine or back beyond it some distance, then approach it from 
the proper direction. This must be done in order to eliminate all 
lost motion. 

These trial tram lines should be compared with the port marks 
when the engine is placed in the forwanl and backward gear. 

If the trial tram lines fall outside of the port marks, so much 
lead is indicated, while if they fall within the port marks, so much 
negative lead is indicated. 

It is customary for railroad companies to set the valves on their 
locomotives to give equal lead. The method commonly employed 
is presented herewith. Having the reverse lever in the extreme 
forward notch, run the engine ahead, stopping it on the forward dead 
center. With the tram b in the center a, Fig. 67, describe the arc D 
above the line H I. Next turn the engine ahead until the back dead 
center is reached; using the tram b again with a center at a, describe 
the arc E above the .line II I. With dividers, find a mid-point O 
between E and D. If the center is ahead of the point M, which is 
midway between the port marks A and B, the eccentric blades which 
control the forward motion must be shortened an, amount equal to 
the distance between M and 0. When this is done, the lead will be 
equalized. If it is desired to increase the lead, move the forward 
eccentric toward the crank. To decrease the lead, move the forward 
eccentric away from the crank. After all of these changes have been 
made, repeat the operation in order to check the results. If this does 
not give the desired results, correct the error by repeating the pro- 
cess and continue by trial until the conditions sought for are 
obtained. 

To set the valves for the back motion, proceed in the same man- 
ner as that described for the forward motion, all the changes being 
made on the eccentric blades and eccentric which control the back- 
ward motion. 

In all that has been said regarding the setting of the Stephenson 
valve gear, it is assumed that the gear is one having open rods; that is, 
one in which the rods are open, not crossed when the eccentrics face 
the link. 

Walschaert Valve Gear. The Walschaert valve gear is 
illustrated by the line diagram in Fig. 68. Fig. 69 shows its applica- 
tion to a Consolidation freight locomotive. From a study of Fig. 68, 



91 



80 



LOCOMOTIVE BOILERS AND ENGINES 



it is obvious that the motion of the valve is obtained from the cross- 
head and an eccentric crank attached to the main crank pin. In 
some designs, the eccentric crank is replaced by the usual form of 
eccentric attached to the main driving axle. The crosshead connec- 
tion imparts a movement to the valve which in amount equals the lap 
plus the lead when the crosshead is at the extremities of the stroke, 
in which position the eccentric crank is in its mid-position. The 
lead of the valve is constant and can only be changed by altering the 
leverage relation of the combination lever. The eccentric crank 
actuates the eccentric rod which, in turn, moves the link to and fro 
very much the same as does the eccentric blade in the Stephenson 
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Fig. 68. Diagram of Walschaert Valve Gear. 

gear. There is a radius bar, Fig. 68, which connects the link block 
with the valve stem. It is evident, therefore, that the valve obtains^ 
a motion from the eccentric crank, link, radius bar, and valve rod in 
a manner very similar to the Stephenson gear, the essential difference 
being in the crosshead connection which results in giving the valve a 
constant lead. 

It is to be noted that in a valve having internal admission, the 
radius bar connects with a combination lever above the valve rod 
connection, as shown in Fig. 69, and that in a valve having external 
admission, the connection is made below the valve rod, as illustrated 
in Fig. 68; also, in a valve having internal admission, the eccentric 
crank follows the main crank, while in a case where the valve has 
external admission, it precedes the main crank. Theoretically, the 
eccentric crank is placed 90 degrees from the main crank but because 
of the angularity of the eccentric rod, it is usually two or three degrees 
more than this. 
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The Walschaert gear is operated by a reverse lever in the same 
manner as the Stephenson gear. In the Stephenson gear, a move- 
ment of the reverse lever causes the link to be raised or lowered, the 
link block remaining stationary, whereas in the Walschaert gear, the 
link remains stationary and the link block is raised or lowered. From 
a study of the two gears, it may be stated that the chief point of dif- 
ference is that the Walschaert gives a constant lead for all cut-offs, 
whereas the Stephenson gives a different lead for different cut-offs. 

The following steps given by the American Locomotive Com- 
pany for adjusting the Walschaert valve gear are presented: 



Fig. 69. Walschaert Qeuiutl Mouiil«d on a CoiuoUdatlon Locomotive. 

1. The motion must be adjusted with the crank on the dead centers 
by lengthening or shortening the eccentric rod until the link takes such a poei' 
tion as to impart no motion to the valve when the link block is moved from 
its extreme forward to its extreme backward position. Before these changes 
in the eccentric are resorted to, the length of the valve stem should be ex- 
amined as it may be of advantage to plane off or line under the foot of the 
link support which might correct the length of both rods, or at least only 
one of these should need to be changed. 

2. The difference between the two positions of the valve on the forward 
and back centers is the lead and lap doubled and it cannot be changed except 
by changing the leverage relations of the combination lever. 

3. A given lead determines the lap or a given lap determines the lead, 
and it must be divided for both ends as desired by lengthening or shortening 
the valve spindle. 

4. Within certain limits, this adjustment may be made by shortening 
or lengthening the radius bar but it is desirable to keep the length of this bar 
equal to the- radius of the link in order to meet the requirements of the first 
condition. 

5. The lead may be increased by reducing the lap, and the cut-off point 
will then be slightly advanced. Increasing the lap introduces the opposite 
efTect on the cut-off. With good judgment, these qualities may be varied to 
offset other irregularities inherent in transforming rotary into Uneal motion. 
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6. Slight variations may be made in the cut-oflf points as covered by 
the preceding paragraph but an independent adjustment cannot be made 
except by shifting the location of the suspension point which is preferably 
determined by a model. 

A comparison of the Stephenson and Walschaert valve gears 
shows that steam distribution in the former would not differ to a 
very great extent from that in the latter save in that produced by the 
constant lead. The factors in favor of the Walschaert gear are 
largely mechanical ones which may be designated as easily accessible 
parts and a less amount of care in maintenance, Tlie parts making 
up the Walschaert valve gear are outside of the frames where they 
can be easily reached in case of break downs and necessary repairs. 
Another advantage accruing from this fact is that the space between 
the frames is left open permitting bracing, which protects and 
strengthens the frames. Tliis is not possible when the Stephenson 
gear is used. The smaller number of moving parts, hardened pins, 
and accessible bearings in the Walschaert gear result in fewer and 
less expensive repairs. 

Valves. The valve ordinarily used on locomotives is the 'plain 
slide valve which is also partially balanced. In the plain slide valve 
the full steam chest pressure is exerted over the whole of the back 
surface of the valve. The balancing of a valve consists in removing 
a portion of this pressure, thus decreasing the frictional resistance of 
the valve on its^eat. The percentage of this pressure that is removed, 
or the amount of balance, varies from 45 to 90 per cent of the total 
face of the valve, and the average in practice is about 65 per cent. 
In the valve shown in Fig. 70, the balance is 69 per cent. The pinch 
of the packing ring on the cone slightly increases the pressure of the 
valve on its seat. 

In Fig. 70, the valve, 1, is of the ordinary D type driven by the 
yoke, 2, which is forged as a part of the valve stem. To the back of 
the valve is bolted a circular plate, 3, having a cone turned thereon. 
On this cone is fitted a loose ring, 4, the inner face of which is beveled 
to the same degree as the taper of the cone. The ring is cut at one 
point and is, therefore, flexible. The open space at the cut in the 
ring is covered by an L-shaped clip which is placed on the outside and 
fastened to one end of the ring, the other end of the ring remaining 
free. This L-shaped clip reaches to the top of the ring at the outside 
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and under the ring at the bottom to the taper of the cone. It thus 
forms joints just the same as the ring itself, making a continuous yet 
flexible ring. The ring is made of cast iron and is bored smaller than 
the diameter required for the working position. Therefore, before 
the steam chest cover is placed in position, it sets slightly higher on 
the cone than it does when at work. To the inner side of the steam 
chest cover, 6, is bolted a back plate, 5, against which the ring, 4, 
forms a steam tight joint. Owing to the raised position of the ring 
when first put on, the placing of the cover and the back plate forces 
the ring down over the cone. This expands the former to a larger 





lis. 70. Plain SlWe Valva. 



diameter and it is thus held in its expanded [Kisition under tension 
with the tendency to maintain the joint between itsilf and the 
wearing plate. 

Another meth<Ml employed in l>ulaneing a slide valve is ti> cut 
grooves in the top of the valve which extend aeros.-; the four sides of 
the valve. In these grooves are placed eaR-fully fitted narrow strijjs 
which rest on small springs whieli keep the strips prcssi-d up against 
a pressure plate, thus keeping the steam away fi-om a large part 
of the valve. 

In order to provide for any leakage which may wcur jwst the 
ring and to prevent an accumulation of pressure within the same, the 
holes, 7, are drilled through the studs, 8. These drain the space and 
accomplish the desire<l result. 

A R'lief valve is plaetn! on (tie steam chest. This is a check 
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valve opening inward and serves to equalize the pressure in the two 
ends of the cylinder when the locomotive is coasting, thus prevent- 
ing unequal pressure at either end. 

Another form of valve which is now being extensively used is the 
piston valve, illustrated in Fig. 71. In this valve, the steam is ad- 
mitted at the center in the space A and is exhausted at the ends. Such 
valves are self-balanced since they are entirely surrounded by steam. 
Another form of piston valve is constructed with a passage extending 
through its entire length which connects with a live steam passage. 
In this type of valve, steam is admitted at the ends of the valve at B, 
and when exhausted passes around the circular part -4 to the exhaust 
cavity. In piston valves, it only remains to pack the ends to prevent 
steam leaks; This is done by using packing rings. In Fig. 71, the 
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Fig. 71. Piston Valve. 



packing consists of seven pieces at each end, numbered 1, 2, 3, and 4. 
Numbers 3 and 4 are the packing rings proper. They consist of the 
split rings, 3, and the L-shaped covering piece, 4, for the split in No. 3. 
The rings, 2, are solid and serve merely as surfaces against which the 
rings, 3, have a bearing. The wedge ring, 1, is split and can expand. 
The rings, 3, are turned larger than the diameter of the steam chest 
and are sprung into position. Small holes, 5, are drilled from the 
steam space ^4 to a point beneath the wedge ring, 1. When the 
throttle valve is opened, steam enters the holes, 5, by forcing the wedge, 
1, out between the rings, 2. It locks the packing ring, 3, firmly be- 
tween the ring, 2, and the lip of the valve. This prevents all rattling 
and working loose of the rings. The valve is then practically a steam- 
tight plugged valve. 

A form of packing largely used and which is much simpler than 
the above, consists of ordinary snap rings inserted into annular 
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grooves cut around the heads of the valves. These snap rings press 
against the walls of the valve cylinder and form a steam-tight joint. 
Running Gear. The running gear of a locomotive is composed 
of the following important parts: Wheels, axles, rods, pistons, and 
the frames which form a connection between these parts. 




Fig. 72. Half-Elevation and Section of Driving Wheel. 

The driving wheels are made with a cast-iron or steel center 
protected by a steel tire. Until about 1896, cast iron was universally 
employed for wheel centers and is yet used for the smaller engines. 
For engines having large cylinders where a saving of weight is im- 
portant, cast steel is now used. Such a wheel is illustrated in Fig. 72. 
The universal method of fastening the tire to the center is to bore it 
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out a trifle smaller than the diameter to which the center is turned, 
then expand it by heating and after slipping it over the center allow 
it to contract by cooling. The shrinkage commonly used is gV of 
an inch for each foot diameter of wheel center for all centers of cast 
iron or cast steel less than 66 inches in diameter. For centers more 
than 66 inches in diameter, ^V of an inch for each foot diameter 
is allowed for shrinkage. This gives the following shrinkages: 

TABLB IV 
Shrinkage Allowance 



Diameter of Center 


Shrink AQB 


Bored Diameter of Tire 


56 
58 
60 


.058 
.060 
.063 


55.94 
57.94 
59.93 



The American Master Mechanics' Association recommends the 
following concerning wheel centers: 

In order to properly support the rim and to resist the tire 
shrinking, the spokes should be placed from 12 to 13 inches apart 
from center to center, measured on the outer circumference of the 
wheel center. The number of spokes should equal the diameter of 
center expressed in inches divided by 4. If the remainder is J or 
over, one additional spoke should be used. The exact sjJacing of 
the spokes according to this rule would be 

3.1416 X 4 = 12.56 inches 

Wheel centers arranged in this manner would have. the following 
number of spokes : 

TABLE V 
Spoke Data— General 



Diameter 


Number 


Diameter 


Number 


OF Centers 


OF Spokrs 


OF Centers 


OF Spokes 


38 


10 


72 


18 


44 


11 


74 


19 


50 


13 


76 


19 


56 


14 


78 


19 


62 


16 


80 


20 


66 


17 







Among pattern makers and foimdry men, there is an impression 
that an uneven number of spokes should he used so as to avoid getting 
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two spokes directly opposite each other in a straight line, 
lowing table has been made up on this basis : 

TABLE VI 
Spoke Date— Poandry Rule 



The fol- 



Diameter 
OF Center 


Number 
OF Spokes 


Pitch 


Diameter 
OF Center 


Number 
OF Spokea 


Pitch 


44 


11 


12.5 


66 


15 


13.8 


48 


11 


13.6 


68 


17 


12.5 


50 


13 


12.6 


70 


17 


12.9 


54 


13 


13.0 


72 


17 


13.3 


56 


13 


13.5 


74 


17 


13.6 


60 


15 


12.6 


76 


19 


12.6 


62 


15 


13.0 


78 


19 


12.9 



The spokes at the crank hub should be located so that the hub 
will lie between two of the spokes and thus avoid a short spoke 
directly in line with the crank pin hub. 

Cast steel driving wheel centers should be preferably cast with the 
rims and uncut shrunk slots omitted whenever steel foundries will 
guarantee satisfactory castings. For wheel centers 60 inches in 
diameter and when the total weight of the engine will permit, the rims 
should preferably be cast solid without cores so as to obtain the maxi- 
mum section and have full bearing surface for the tires. 

It is difficult to get sufficient counterbalance in centers smaller 
than 60 inches in diameter so that it will be found very desirable to 
core out the rims to obtain the maximum lightness on the side next 
to the crank pin and in some cases on the counterbalance side in order 
to fill in with lead where necessary. 

The American Master Mechanics' Association recommends 
a rim section as shown in Fig. 73 for wheel centers without retaining 
rings. The tire is secured from having the center forced through 
it by a lip on the outside f inch in width and about J inch in height, 
the tire being left rough at this point. The height of the Up, therefore, 
depends upon the amount of finishing left on the interior of the tire. 
Accurate measurements of tires after they have been in service for 
some time, especially when less than 2^ inches in thickness, show that 
a rolling out or stretching of the tire occurs, and for reasonably heavy 
centers, these figures will account more for loose tires than any perma- 
nent set in the driving wheel center. 
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Counterbalance. A study of the construction of the driving 
wheel brings up the question of counterbalance since it is made a part 
of the wheel center. The counterbalance, Fig. 72, is the weight or- 
mass of metal placed in the driving wheel opposite the crank to 
balance the revolving and reciprocating weights. • 

The revolving weights to be balanced are the crank pin com- 
plete, the back end of the main rod or connecting rod, and each end 
of each side rod complete. The sum of the weights so found which 

are attached to each crank pin is 
the revolving weight for that pin. 
The reciprocating weights to be 
balanced consist of the weight of the 
piston complete with packing rings, 
piston rod, crosshead complete, 
and the front end of the main rod 
complete. The weight of the rod 
should be obtained by weighing in 
a horizontal position after having 
been placed on centers. 

The revolving weights can he 
c^ounterbalanced by weights at- 
tached to the wheel to which they 
belong, while the reciprocating 
weights can only be balanced in 
one direction by adding weights to the driving wheels as all weights 
added after the revolving parts are balanced overbalance the wheel 
vertically exactly to the same extent that they tend to balance the 
reciprocating parts horizontally. This overbalance exerts a sudden 
pressure or hammer blow upon the rail directly proportional to its 
weight and to the square of its velocity. At high speeds, this 
pressure, which is added to the weight of the driver on the rail, 
may become great enough to injure the track and bridges. 

The best form of counterbalance is that of a crescent shape 
which has its center of gravity the farthest distance possible from the 
center of the axle. The counterbalance shoujd be placed opposite 
the crank pin as close to the rods as proper clearance will allow. 
The clearance should be not less than J inch. No deficiency of 
weight in any wheel should be transferred to another. All counter- 




Fig. 73. Section of Rim of Driving 
Wheel. 
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balance blocks should be cast solid. WTien it is impossible to obtain 
a correct balance for solid blocks, they may be cored out and filled 
with lead, which will increase their weight. In all such cases the 
cavities must be as smooth as possible. Holes should be drilled 
through the inside face of the wheel to facilitate the removal of the 
core sand. 

In counterbalancing a locomotive, the following fundamental 
principles should be kept in mind : 

1. The weight of the reciprocating parts, which is left unbalanced, 
should be as great as possible, consistent with a good riding and smooth work- 
ing engine. 

2. The unbalanced weight of the reciprocating parts of all engiaes for 
similar service should be proportional to the total weight of the engine in 
working order. 

3. The total pressure of the wheel upon the rail at maximum speed 
when the coimterbalance is down, should not exceed an amount dependent 
upon the construction of bridges, weight of rail, etc. 

4. When the coimterbalance is on 
the upper part of the wheel, the centrif- 
ugal force should never be sufficient to 
lift the wheel from the rail. 

The following rules have been 
generally accepted for the counter- 
balancing of locomotive drive 
wheels: 

1. Divide the total weight of the 
engine by 400, subtract the quotient 
from the weight of the reciprocating 
parts on one side including the front 
end of the main rod. 

2. Distribute the remainder equal- 
ly among all driving wheels on one 

side, adding to it the smn of the weights of the revolving parts for each wheel 
on that side. The sum for each wheel if placed at a distance from the driving 
wheel center, equal to the length of the crank, or at a proportionately less 
weight if at a greater distance, will be the counterbalance weight required. 

The method of adjusting the counterbalance in the shop is as 
follows: After the wheels have been mounted on the axle and the 
crank pins put in place, the wheels are placed upon trestles as illus- 
trated in Fig. 74. These trestles are provided with perfectly level 
straight edges upon which the journals rest. A weight pan is sus- 
pended from the crank pin as shown. In this pan is placed weight 




Fig. 74. Diagram Showing Method of 
Counterbalancing Driving Wheels. 
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enough to just balance the wheels in such a position that a horizontal 
line will pass through the center of the axle and crank pin and counter- 
balance on one wheel, and a vertical line will pass through the axle 
and crank pin centers of the other side, the crank being above. The 
amount of weight thus applied, including tlie pan and the wire by 
which it is suspended, gives the equivalent counterbalance at crank 
radius available for balancing the parts. This weight found must 
not exceed that found to be necessary by the formula. Should the 
counterbalance be left with extra thickness, the extra weight can be 
turned off with little trouble after the trial described has been com- 
pleted. This process should be repeated for the opposite side. 

The weight of the reciprocating parts should be kept as low as 
possible, consistent with good design. Locomotives with rods dis- 
connected and removed should not be handled in trains running at 
high rates of speed because of the danger arising from damage to the 
track and bridges, due to the hammer blow. 

Axles. Driving and engine truck axles are made of open hearth 
steel, having a tensile strength not less than 80,000 pounds per square 
inch. Modern practice requires that axles conform to the tests and 
standards adopted by the American Railway Master Mechanics' 
Association and the American Society for Testing Materials. One 
axle is required to be tested from each heat. The test piece may be 
taken from the end of any axle with a hollow drill, the hole made by 
the drill to be not more than 2 inches in diameter nor more than 4J 
inches deep. This test piece is to be subjected to the physical and 
chemical tests provided for in the code of the societies mentioned 

above. 

All forgings must be free from seams, pipes, and other defects, 
and must conform to the drawings furnished by the company. The 
forgings, when specified, must be weighed, turned with a flat nosed 
tool, and cut to exact length and centered with 60 degree centers. 
All forgings not meeting the above requirements or which are found 
to be defective in machining and which cannot stand the physical 
chemical tests will be rejected at the expense of the manufacturers. 

The above requirements, while intended for driving axles, apply 
in a general way to engine truck axles. Axles are forged from steel 
billets, of the proper size to conform to the size of the axles as re- 
quired for standard gauge work. 
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In accordance with the foregoing, Table VII is presented, which 

gives the sizes and the weights of billets for standard driving and 

engine truck axles. 

TABLE VII 

Por8:ed Steel Billets (Standard Sizes) 



DRIVING AXLES 


ENGINE TRUCK AXT.ES 


Diameter of 

Journal, 

Ikcheh 


Size of 
Billet, 
Inches 


Weight of 
Billet, 
Pounds 


Diameter of 
Journal, 

I NCH Kti 


Size of 
Billet, 
Inches 

7x7 
7x7 

8x8 
8x8 
9x9 


w^eioht of 
Billet, 
Pounds 


8 

84 

9 
10 


10 X 10 
11x11 

11 X 11 

12 X 12 
12 X 12 


2590 
2900 
3220 
3570 
3930 


5 

54 
6 

6i 
7 


970 
1170 
1380 
ICOO 
1830 



After the axles are received in the rough state, the journals and 
wheel fits are turned up, in the shop, to the proper dimensions. In 
turning up the wheel fits, they are left slightly larger in diameter than 
the diameter of the axle opening in the wheel center. The wheel 
center is then forced on the axle by means of hydraulic pressure. 
Table VIII gives the pressure employed in forcing-in engine truck 
and driving axles. 

TABLB VIII 

Hydraulic Pressures Used In Mounting Axles 



DRIVING AXT.ES 


ENGINE TRUCK AXLES 


Diameter of 


Pressure Employed in 
Tons 


Diameter of 
Fit in 
Inches 


Pressure Employed in 
Tons 


Fit in 
Inches 


Cast-Iron 
Center 


Cast-Steel 
Center 


Cast-Iron 
Center 


Cast-Steel 
Center 


7 -7\ 
■ 7i-8' 

8 -8i 
8i-9 

9 -9i 
9i-10 

10 -lOi 
lOi-11 


70-75 
75-80 
80-86 
86-90 
90-95 
95-100 
100-106 
105-110 


112-120 
120-128 
128-136 
136-144 
144-152 
152-160 
160-168 
168-176 


4 -4i 
4i-5 
6 -5i 
6i-6 

6 -6i 
6J-7 

7 -7J 


25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55-60 


37-45 
45-62 
62-60 
60-67 
67-76 
75-82 
82-90 



Crank-pin^. All specifications and test requirements mentioned 
under the discussion of driving and engine truck axles are applicable 
to crank-pins. Crank-pins are received by railroad companies in the 
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rough forging and must, therefore, be turned (o fit the wheel boss. 
They are forced in by hydraulic pressure, the pressures commonty 
employed being given in Table IX. 

TABLE IX 
Hydrsullc PresBurea Used !■ Mounting Crank-Pins 













CabI^IhON ClHTlB 


Oabt<-St»L ClHTBa 


3^3i 


15-20 


24-32 


3i-4 


20-25 


32-40 


4-4J 
4jJ 


25-30 


40^8 


30-35 


48-58 


5-5i 


35-40 


66-64 


51^ 


40-45 


64-72 


6-6i 


45-50 


72-80 


n-, 


60-55 


80-88 



Locomotive Frames. Among other details of importance in the 
construction of a locomotive, none is more important than the frame. 
The frame is the supporting element and the tie bar that connects 
all the various moving and fixed parts. Its present form and propor- 




Flu. 76, Single Front Rail Locomotive FnimeB. 
fions are due most lai^ly to development rather than to pure design. 
It would be extremely difficult to analyze all the various forces to 
which the frames are subjected. There are two principal classes of 
locomotive frames, namely, the single fnmt rail and the dovble front 
rail. The single front rail is illustrated in Fig. 75. At first the joint 
between the main frame and the front rail was made as shown at A 
in Fig. 75. The rear end of the front rail was bent downward with a 
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T-foot formed thereon by means of which it was connected to the 
main frame. The top member of the main frame was bent down and 
extended forward and connected to the front rail by means of bolts 
and keys. The T-head was fastened to the pedestal by two counter- 
sunk bolts. As locomotives grew in size, much trouble was exper- 
ienced due to the countersunk bolts becoming loose or breaking. 
To overcome this diflSculty, the form of joint shown in B, Fig. 75, 
was developed. Here the 

pedestal had a member ^ ^f^Xm^J^ '* jM' 

welded to it which ex- "^^ '• ° ' ^ 

tended forward and up- 
ward to meet the front 
rail. The top member 
extended outward and 
downward as before. The 
front rail fitted between 

these two members and had a foot which rested against the 
pedestal. This latter form was used for many years, being 
changed in details considerably but retaining the same general ar- 
rangement. These forms of single bar frames continued to be used 
for many years and are employed at the present time for light loco- 
motives. When the heavier types of locomotives, such as the Con- 
solidation, made their advent, it became necessary to improve the 




Fig. 76. Early Fonn of Double Front Rail Frame. 
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Fig. 77. Heavy Form of Double Front Rail Frame. 

design of the frame. To meet this necessity, the double front rail 
frame was developed. Fig. 76 illustrates one of the earlier forms 
of this frame. The top rail was placed upon and securely bolted to 
the top bar of tlie main frame and the lower front rail was fastened 
to the pedestal by means of a T-foot with countersunk bolts. The 
same difficulty was experienced with this design as with the first form 
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of the single front rail type, namely, the breaking of the bolts fastening 
the lower bar to the pedestal. This led to experiments being tried 
which resulted in many stages of advancement until a heavy and serv- 
iceable design was developed, as shown in Fig. 77. In this design 
the pedestal has a bar welded to it on which the lower front rail rests 
and to which it is connected by means of bolts and keys. The top 
front rail rests on top of the top main frame and extends back beyond 
the pedestal, thus giving room for the use of more bolts. The design 
shown in Fig. 77 is the one largely used on all heavy locomotives, it 
being slightly changed in detail for the various types. 

In addition to the two general types of bar locomotive frames 
which are made of wrought iron or mild steel, a number of cast-steel 
frames are being used. The general make-up of the cast-steel frame 
does not differ materially from that of the wrought iron except in the 
cross-section of the bars. The bar frame is. rectangular or square in 
cross-section whereas the sections of cast-steel frames are usually 
made in the form of an L 

Cylinder and Saddle. The cylinder and saddle for a simple 
locomotive, illustrated in Fig. 78, are constructed of a good quality 
of cast iron. The easting is usually made in two equal parts but it 
is not uncommon to find the saddle formed of one casting,- each 
cylinder being bolted to it, making three castings in all. Fig. 78 
illustrates the two-piece casting commonly used. The two castings 
are interchangeable and are securely fastened together by bolts of 
about 1\ inches in diameter. The part of the casting known as the 
saddle is the curved portion A, which fits the curved surface of the 
smoke-box of the boiler. This curved surface after being carefully 
chipped and fitted to the smoke-box is then securely fastened to it by 
means of bolts. Tliis connection must not only be made very securely 
but air tight as well, in order that the vacuum in the smoke-box may 
be maintained. In the cross-sectional view, the live steam passage 
B and exhaust passage C are shown. The steam enters the passage 
B from the branch pipe and travels to the steam chest from which it 
is admitted into the cylinder through the steam ports F. After 
having completed its work in the cylinder, it passes through the ex- 
haust port G into the exhaust passage C to the stack. The cylinder 
casting is fastened to the frames of the locomotive as well as to the 
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boiler. D and E show the connection of the saddle casting to the 
frame. In this ease a frame having a double front rail is used, each 
bar being securely bolted to the casting. 

The Piston and Rods. The pistons of locomotives vary greatly 
in details of construction but the general idea is the same in all cases. 
Since the pistons receive all the power the locomotive delivers, they 
must be strongly constructed and steam tight. All pistons consist 
of a metal disk mounted on a piston rod which has grooves on the 
outer edges for properly holding the packing rings. The pistons are 
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FIr. 79. Piston and Roda ol Modem Locomotives. 

commonly made of cast iron, but where great strength is required, 
steel is now being used. Fig. 79 illustrates the present tendency in 
design. The cylindrical plate is made of cast-steel and the packing 
rings, two in number, are made of cast iron. The packing rings are 
of the snap ring type and arc free to move in the grooves. 

As can be seen, the rim is widened near the bottom in order to 
provide a greater wearing surface. Fig. 79 also clearly shows the 
method used in fastening the piston to the piston rod. The piston 
rod is made of steel and has a tapered end which fits into the cross- 
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head where it is secured l>y a tapered key. The eros,shead fit is made 
accurate by careful gnnding. The crosshcad key should likewise 
be carefully fitted. 

Crossheads and Guides. A variety of forms of crossheads and 
guides are now found in use on locomotives, two of the most 




Fig, 80. Common Form ol Ciosahesd and Quidw. 

'conunoD of which are illustrated in Fig. 80 and Fig. 81. The form 
illustrated in Fig. 80 is known as the 4-^ar guide and that shown in 
Fig. 81, as the 2-bar guide. TTie form used depends largely on the 
type of engine. The 4-bar guide now used on light engines consists 
of four bars A which form the guide with die crosshead B between 
them. The bars are usually made of steel and the crosshead of 
cast-steel having babbitted wearing surfaces. The 4-bar3 A are 




Fig. 81. Conunou Form of CrosBheul and Guides, 
bolted to the guide blocks C and i) which are held by the back cylinder 
head and the guide yoke E, respectively. The guide yoke E is made 
of steel, extends from one side of the locomotive to the other, is securely 
bolted to both frames, and serves to hold the rear end of both guides. 
There is usually a very strong brace connected to the guide yoke 
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which is riveted to the boiler. The wrist pin used in the crosshead 
of the 4-bar type is cast solid with the crosshead. 

The 2-bar guide consists of two bars, one above and one below 
the center line of the cylinder with the crosshead between them. In 
this type the parts are more accessible for making adjustments and 
repairs and the wrist pin is made separate from the crosshead. 

In the design of tlie crosshead, the wearing surface must be made 
large enough to prevent heating. In practice it has been found that 
for passenger locomotives the maximum pressure between the cross- 
head and guides should be about 40 pounds per square inch while 




Fig. 82. Connec-tlng Rod Details. 

for freight locomotives it may Ix^ as high as 50 pounds per square inch. 
For crosshead pins, the allowable prt\ssure per square inch of pro- 
jected area is usually assumed at 4,800 pounds, the load on the pin 
to be considered as follow^s: For simple engines, the total pressure 
on the pin is taken to be equal to the area of the piston in square 
inches multiplied by the boiler pressure in pounds per square inch; for 
compound engines of the tandem and Vauclain types, the total pres- 
sure on the pin is taken to be equal to the area of the low-pressure 
piston in square inches multiplied by the boiler pressure in pounds 
per square inch, the whole being divided by the cylinder ratio plus 1. 
In the latter case, the cylinder ratio equals the area of the high- 
pressure cylinder divided by that of the low-pressure cylinder. 
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Connecting or Main Rods. Connecting or main rods are made 
of steel, the section of which is that of an I. The I-section gives the 
greatest strength with a minimum weight of metal. Fig. 82 illus- 
trates modem practice in the design of connecting rods for a heavy 
locomotive. The design for passenger locomotives is quite similar 
to that shown. Aside from the general dimensions and weight of the 
rod, there are to be noted some important details in the manner in 
which the brasses are held and the means provided for adjusting them. 
The older forms of rods had a stub end at the crank pin end with a 
strap bolted to the rod. A key was used in adjusting the brasses. 




Fig. 83. Side Rod. 

With the building of locomotives of greater capacity, this construction 
was found to be weak. The connecting rod shown in Fig. 82 has 
passed through several stages in the process of its development. The 
crank end is slotted, the brasses being fitted between the upper and 
lower jaw. The brasses are held in place by a heavy cotter A and a 
key B. The cotter is made in a form which prevents the spread of 
the jaws C and D. The adjustment of the brasses is made by means 
of the key B in the usual way. The brasses at the crosshcad end are 
adjusted by the wedge E. The oil cups are forged solidly on the rod. 
The Parallel or Side Rods. The parallel or side rods are also 
made with an I-section in order to obtain a maximum strength with 
a minimum weight of metal. Fig. 83 illustrates the form of side 
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rods now being used. The rods are forged out of steel, in the same 
tnanner as connecting rods, having oil cups also forged on. The 
enlarged ends are bored for the brasses which are made solid and 
forced In by hydraulic pressure. In case the locomotive is one having 
more than two pairs of drivers, the side rods are connected by means 
of a hinged joint as shown at A, Fig. 84. 

Both connecting rods and side rods are subjected to very severe 
stresses. They must be capable of transmitting tensional, compres- 
sional, and bending stresses. These stresses are brought about by 
the thrust and pull on the piston and by centrifugal force. 

Locomotive Trucks. The trucks commonly used under the 
front end of locomotives are of two types, namely, the two-wkeeUd or 
pony truck and the four-wheded trticks 




TIio pony tnick, illustrated in Fig. 85, consists essentially of the 
two wheels and axle, the frame, 1, which carries the weight of the 
front end of the locomotive and the radius bar, 2, pivoted to the cross 
bar, 3, which is rigidly bolted to the engine frame, 4. The radius 
bars serve to steady the trucTi and reduce the flange wear on the wheels 
when running on curves. A side movement is provided for at the 
center plate, which is made necessary on account of curves. The 
correct length of the radius bar b given by the following formula: 

R + 2D 
where 

R = length of ri^d wheel base of engine in feet 

D = distance in feet from front flanged driver axle to center of 

truck 
X = length in feet of radius biff 



LOCOMOTIVE BOILERS AND ENGINES 101 

The usual method of applying the weight to a pony truck is by 
means of the equalizing lever, 5. The fulcrum, 6, of this equalizing 
lever is located under the cylinders where the weight is applied. The 
front end of the equalizing lever is carried by the pin, 8, which, in 



Fig. 86. Pony or Two-Wheeteil Truck. 

turn, is (-nrried by the sleeve, 9, und transmits the load to the center 
plate while the rear end of the lever is supported by meana of the cross 
lever, 10, which is carried by the driving wheel springs. 

TTie four-wheeled truck is constructed in a number of different 
ways, one of which is illustrated in Fig. 80. The construction is simple, 
consisting of a rectangular frame. A, carrying a center plate, B. As 
in the case of the pony truck, the journals are inside of the wheels. 
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Fig. SO. Four>Wtieeled Truck. 



Flff. 87. Trailing Truck with Inside Bearings. 
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The truck, which is pivoted on the center plate, carries the front-end 
of the locomotive and serves es a guide for the other wheeb of die 
locomotive. 

The object in using a trailing truck, as stated earlier in this 
work, is to make possible the wide fire box which is necessary in 
certain types of locomotives. Two different types of trailing trucks 
are used and both have proven successful. One has an inside beiirlng, 
as illustrated in Fig. 87, and the other an outside bearing, as shown in 
Fig. 88. The former is perhaps the simpler of the two. The latter has 
a broad supporting base which improves the riding qualities of the 
locomotive. 



Fig. S8. TraUIllE Truck wUli Outside Beurliigs. 
The radial trailing truck with inside bearings. Fig. 87, is fitted 
with a continuous axle box. A, with journal bearings at cacli end, these 
being provided at the frame pedestab with front and buck wearing 
surfaces formed to arcs of concentric circles of suitable radii. 'I'o 
the lower face of the continuous axle box is attached a spring housing, 
B, fitted with transverse coiled springs having followers and fitted 
with horizontal thrust rods, C, which extend to the pedestal tie bur.s. 
Tliese thrust bars terminate in ball and socket connections at each 
end. This combination of springs and thrust rods permits the truck 
to travel in a circular path and also permits the continuous axle box 
to rise and fall relatively to the frames. Motion along the circular 
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arcs is limited by stops at the central spring casing, the springs tend- 
ing to bring the truck to its normal central position when the locomo- 
tive passes upon a tangent from a curve. The load is transmitted to 
the continuous axle box through cradles on which the springs and 
equalizers bear, hardened steel sliding plates being interposed as wear- 
ing surfaces immediately over the journal bearings. The cradles 
are guided vertically by guides attached to the locomotive frames. 

The radial trailing truck with outside bearings, as illustrated 
in Fig. 88, has journal boxes A rigidly attached to the frame, the 
forward rails of which converge to a point in which the pivot pin B 
is centered. The pin is fixed in a cross brace secured between the 
engine frames. The trailing truck frame extends back of the journal 
boxes in the form of the letter U at the center of which a spring 
housing C is mounted, containing centering springs and followers, 
performing the same functions as those of the radial truck with inside 
bearings, already described. The load in this case is transmitted 
'to the journal boxes by springs which are vertically guided. Hanlcned 
rollers are generally used between w^hat would otherwise be sliding 
surfaces. These rollers rest upon double inclined planes which tend 
to draw the truck to its normal and central position when displaced 
laterally as on a cur\'e. The mutual action of these rollers and 
inclined planes is to furnish a yielding resistance to lateral displace- 
ment with a tendency to return to the normal |X)sition. 

The Tender. Tlie tender of a locomotive is used to carry the 
coal and water supply for the boiler. It is carried on two four- 
wheeled trucks having a frame work of wood or steel, the latter being 
mostly used at the present time. This frame supports the tank in 
which tlie water is stored, which, in the case of passenger and freight 
locomotives, is usually constructed in the shape* of the letter U, the 
open end of which faces the fire door. The open space between the 
legs of the U is used for coal storage. The water is drawn from the 
tank near the two front corners. In these two front corners are placed 
tank valves which are connected by means of the tank hose and pipers 
to the two injectors. Near the back end of the tank is a manhole 
which permits a man to enter the inside to make repairs. This 
opening is also used in filling the tank at water towers. Tanks are 
made of open hearth steel, usually about \ of an inch in thickness, 
the sheets being carefully riveted together to prevent leaks. The 
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interior of the tank is well braced and contains baffle plates which 
prevent the water from surging back and forth, due to curves and 
shocks in the train itself. The tank is firmly bolted to the frame. 

The capacity of tenders has been increased as the locomotives 
which they serve have grown in size and power. Modern heavy 
locomotive tenders have a water capacity of from 3,000 to 9,000 gal- 
lons and a coal capacity of from 5 to 16 tons. 

On switching engines, the back end of the tank is frequently 
made sloping in order to permit the engineer to see the track near the 
engine when running backward. Frequently a tool box is placed 
near the rear of the tank in which may be kept jacks, replacers, etc. 
A tool box for small tools and signals is usually placed at the front 
of the tender on either side. The coal is prevented from falling out 
at the front end by using gates or boards dropped into a suitably 
constructed groove. On locomotives used on northern railroads, 
the tanks are provided with a coil of steam pipes by means of which 
the water can be warmed and prevented from freezing. 

DESIGN OF PARTS OF THE ENGINE 

• 

The design of the parts of the locomotive engine proper, like 
that of the boiler, is a subject which cannot Ix? lmndk»d projK»rly 
in the space allotted in this book. A few formulae, for the most 
part based on rational assumptions, are presented for the calculation 
of some of the most important parts. 

Axles. The stress in the axles is combined in many ways. The 
principal stresses are, first, bending stresses due to the steam prt\ssure 
on the piston; second, bending stresses due to the dead weight of the 
engine; third, torsional or shearing stn»sscs due toune(iual adhesion of 
the wheels on the rails; and fourth, bending stressors due to the action 
of the flanges on the rails while rounding curves. Let 

W = the area of the pistoQ, in square inches multiplied by the 

boiler pressure in pounds per square inch 
L^ = the lever arm in inches or the distance from the center of 
the main or connecting rod to the center line of the 
frame 
= the lever arm in inches or the distance from the center 
of the side rod to the center line of the frame 
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M = bending moment or the load in oounds times the lever 

arm in inches 
d = the diameter of axle in inches 
R = the section modulus which for a solid circular section 

= .0982 d» 
If there arc only two pairs of drivers, the force IF will be equally 
distributed between the crank pins as shown in ^1, Fig. SI). 

If the force If, the total steam on the piston, is assumed to act 
alone, the maximum fiber stress in pounds per square inch produced 
in the axle will be 

W L, 



S^- 



for the main axle, and 
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Fig 89. Force Diagram for Drivers. 



Let 

IKj = tlie dead load in pounds on each journal 



and 



L^ — lever arm in inches or the distance from the center of the 

driving box or frame to the center line of the rail. 

Then, if the force M\ be assumed to act alone, the maximum 

fiber stress in pounds per square inch produced in the axle will be 
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L<t 

I/3 = the crank radius, or one-half the length of the stroke in 
inches. 

If the twisting of the axle alone is considered, the torsional or 
shearing stress in pounds per square inch produced in the axle will be 

W L. 

S3 = ? 

2R 

Because of certain existing conditions which affect the amount 
of torsion or twisting of the axle, only one-half of the theoretical 
stress should be used, as it is not probable that under any circum- 
stances could more be transmitted by the axle to the opposite side. 
Let 

D = the diameter of drivers in inches 
F = the centrifugal force in pounds 
11^2= the weight in pounds of the moving mass of wheels plus the 

weight carried by them 
g = the acceleration of gravity in feet per second = 32 . 2 
r = the radius of curvature of the track in feet 
V = the velocity of the locomotive in feet per second 
If the action on a curve alone is considered, the maximum fiber 
stress in pounds per square inch produced in the axle will be 

where 

Considering all stresses acting together, we get the resultant 
maximum fiber stress in pounds per square inch in the axle to be 



where 



* = T + \' ~4" + "2"" 



In this equation, the bending stress due to the centrifugal force 
while rounding curves does not appear since it is assumed that this 
will neutralize that due to the dead load on the axle. 

The following allowable fiber stresses in pounds per square inch 
have been used in successful designs: 
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TABLE X 
Fiber Stresses 






Type of Locomotive 


Iron 




Steel 


Consolidation 




7,500 




8,500 


10 wheel or Mogul 




8,500 




9,500 


8 wheel passenger 




10,500 




13,000 



Example. Determine the fiber stresses in the driving axle of 
an 8-wheel passenger loconaotive having the following dimensions: 
cylinder 20 inches in diameter, length of stroke 26 inches, steam 
pressure 200 pounds per square inch, and other dimensions as listed: 

=21.5 inches 

R = 65.77 for an axle 8} inches in diameter 

W^ = 18,000 pounds 

L, = 7i inches 



D 

9 
r 

V 



= 13 inches 

= 75 inches 

= 32.2 

= 955 feet 

= 88 feet per second (60 miles per hour) 



PFj = 42,500 pounds 
Solution. 



wo 62700 X 2L5 



S, = 



2R 2 X 65.77 

10250 pounds per square inch 
18000 X 7.5 



W,L, 



S,= 



R 66.77 

= 2050 pounds per square inch 
W /., 62700 X 13 
2R " 2 X 65.77 
= 6200 pounds per square inch. 



As previously stated, this value would probably never exceed 
one-half this amount, which assumption gives a fiber stress of 3,100 
pounds per square inch. 
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n', x^ 42500 X (88)' 



F = ' = 



s, = 



r g 955 X 32.2 

= 10700 pounds 

F D 10700 X 75 



2R 2 X 65.77 



= 6055 pounds per square inch 
The flange pressure would probably not exceed one-third of 
the total centrifugal force, the remainder being absorbed by the 
elevation of the outer rail. If this were true, then 

6055 
^4 ~ — 5 — "^ 2018 pounds per square inch 

which, as can be seen, just about neutralizes the stress due to the 
dead weight. 



S' = l/(SO» + (SJ 



= 1/10250* + 2050* 

== 10450 pounds per square inch 



Therefore, 






10450 / (10450y (3100)' 
2 + \ 4 "^ 2 

= 10990 pounds per square inch 

Therefore, an 8f steel axle is large enough for an 8-wheel passen- 
ger locomotive since the allowable fiber stress of 13,000 pounds per 
square inch is not exceeded. 

If the locomotive under consideration was one having three pairs 
of drivers instead of two, the total piston pressure would be distributed 
as shown in B, Fig. 78. 

Crank Pins. Crank pins are calculated for strength by the 
following methods: 

In A, B, and C, Fig. 90, is shown the manner in which the forces 
act on the crank pins of three different types of locomotives. 
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ir = 



L 

M 

P, 

d 



the Iioiler pressure in pounds per square inch, Umes area 

of the piston in square inches 
the safe fiber stress in pounds per square inch 
tlie lever arm in inches or llie distance from the face of the 

wheel to the center of the main rod 
maximum moment in inch pount^ or force in pounds 

times the lever arm in inches 
the force in pounds transmitted to the side rod 
the diameter of crank pin in indies 
the side rod lever arm in inches or the distance from the 

face of the wheel center to the center line of the side rod 
the section modulus of the crank pin which for a circular 

section = .0982 tP 




w 


^'7l' 




^lil* 


J.. 





Fig. 00. Action of Force on Crank Pins in Different Types ot Locumotive 

Having given the above conditions, we may write 
M = IV L - P, L, 



It .0982 (P 
From this last e<juation 

.09S2 S 
Finally, substituting the value of M we get 



I tV L - P,L, 



.0982 S 

This equation may be used in finding the diameter of the main 
crank pin on any type of locomotive when the loads and lever arms 
are known and the safe fiber stress has been assumed. It should 
be remembered, however, that for an 8-wheeled locomotive it is 



3 

if 
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p =n: 

' 2 
and for a 10-wheeled locomotive it is 

' 3 

For crank pins other than main pins on engines ho^ving the main rod 
on the outside, no calculations need be made for bending. 

To calculate the back pin, the load is applied as shown in C, 
Fig. 80, and we have 

M = P, L, 

and finally 



V .0982 « 



The nm^imum allowable working stress ip pounds per square 
inch for crank pins is as follows : 

TABLE XI 

Workiflff Stress for Qmnk Plus 



Class of Locomotives 



Freight locomotive 



Steel 



15,000 



Iron 



12,000 



Passenger locomotive i 12,000 ' 10,000 



In addition to figuring the crank pins for bending, the bearing 
surface must be given some attention. In order to prevent over- 
heating and to secure the test results, the pin must be designed so 
that the unit pressure will not exceed an amount determined by past 
experience. This allowable pressure in practice varies from 1,600 to 
1,700 pounds per square inch of projected area, the projected area 
being the diameter of the pin multiplied by its length. It often 
happens that it is necessary to make the pin larger than is required for 
safe strength in order that the allowable bearing pressure may not 
be exceeded. 

Pjston Rods* Because of the peculiar conditions of stress and 
loading of a piston rod, a very high factor of safety must be used in its 
design. It is subjected to both tensional and compressional stresses 
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and must be capable of resisting buckling when in compression. 
Reuleaux gives the following formulae for determining the diameter 
of piston rods : 

Considering tension alone 

d = .0108 D vF 
and considering buckling 

d = .0295 D J II. 1[p~ 

\ D V 

where 

jD = diameter of cylinder in inches 

d = smallest diameter of piston rod in inches 

L = length of the piston rod in inches 

P = the boiler pressure in pounds per square inch 

Example. Given a locomotive having cylinders 20 inches in 

diameter, piston rod 46 inches long, and carrying a boiler pressure 

of 190 pounds per square inch. Determine the diameter of the piston 

rod necessary. 

Solution. Considering the problem from the standpoint of 

tension only, we have 



d = .0108 X 20 1^190 
= 2.98 inches 

The dimensions of the rod determined from the standpoint of 
buckling would be 

d = .0295 X 20 ^-^.^/^ 
= 3.3 inches 

The size which would probably be used would be, say, 3^ inches, 
which would allow for wear. 

From the above figures, it is evident that if a piston rod is made 
strong enough to withstand buckling, it will be sufficiently large to 
resist the tensional stresses which may come upon it. 

Frames. As has been previously stated, the frames of a loco- 
motive are very difficult to design because of the many unknown 
factors which affect the stresses in them. The following method of 
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proportioning wrought-iron and cast-steel frames will give safe values 
for size of parts although the results thus found will be greater than 
usually found in practice. 
Let 

P = the thrust on the piston or the area of the piston in square 
inches multiplied by the boiler pressure in pounds per 
inch 
A — the area in square inches of the section of the frame at the 

top of the pedestal 
J? = the area in square inches of the section of the frame at the 

rail between the pedestals 
C = the area in square inches of the section of the lower frame 
between the pedestals 
Then 

P 



A = 



B = 



C = 



2600 

P 
3000 

P 



4400 

Cylinders. The formula commonly used in determining the 
thickness of boiler shells, circular tanks, and cylinders is 

2/ 
where 

i = thickness of cylinder wall in inches 

p = pressure in pounds per square inch 

d = diameter of cylinder in inches 

/ = safe fiber stress which for cast iron is usually taken at 1500 

pounds per square inch 

For cylinder heads, the following empirical formula may be used 

in calculating the thickness : 

T = .00439 d Vy 
where 

T = the thickness of the cylinder head in inches 
p = boiler pressure in pounds per square inch 
d s diameter of stud bolt circle 
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Cylinder specifications usually call for a close grain metal as 
hard as can be conveniently worked. The securing of the proper 
proportions of a cylinder for a locomotive is a matter of great impor* 
tance in locomotive design. The cylinders must be large enough so 
that with a maximum steam pressure they can always turn the driving 
wheels when the locomotive is starting a train. They should not be 
much greater than this, however, otherw-ise the pressure on the 
piston would probably slip the wheels on the rails. The maximum 
force of the steam in the cylinders should therefore be equal to the 
adhesion of the wheels to the rails. This may be a^ssumed to be equal 
to one-fourth of the total weight on the driving wheels. The maxi- 
mum mean effective piston pressure in pounds per .square inch may 
be taken to be 85 per cent of the boiler pressure. 

As the length of the stroke is usually fixed by the convenience of 
arrangement and the diameter of the driving wheels, a determination 
of the size of the cylinder usually consists in the calculation of its 
diameter. In order to make this calculation, the diameter of the 
driving wheels and the weight on them, the boiler pressure, and the 
stroke of the piston must be known. With this data, the diameter of 
the cylinder can be calculated as follows : 

The relation between the weight on the drivers and the diameter 
of the cylinder may be expressed by the following equation : 

OD 

where 

W = the weight in pounds on drivers 

d = diameter of cylinders in inches 

p = boiler pressure in pounds per square inch 

L = stroke of piston in inches 

D = diameter of drivers in inches 

C = the numerical coefficient of adhesion 

From the above equation, the value of d may be obtained since 
the coefficient of adhesion C may be taken as .25. The equation then 
becomes 

.85 ^ p L 
.25 D 

from which 
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^= J 25TFZJ 
\ .85 p L 

Example. What will be the di&tneter of the cylinders for a 
locomotive having 196,000 poutids on the drivers, a stroke of 24 
inches, drivers 63 inches in diameter, and a working steam pressure 
of 200 pounds per square inch? 

Solution. 



_ I .25 



X 196000 X 63 



.85 X 200 X 24 
= 27.6 inches 

The above formula gvies a method of calculating the size of 
cylinders to be used with a locomotive when the steam pressure, 
weight on drivers, diameter of drivers, and stroke are known. This 
formula is based upon the tractive force of a locomotive or the amount 
of pull which it is capable of exerting. 

The tractive force of a locomotive may be defined as being the 
force exerted in turning its wheels and moving itself with or without a 
load along the rails. It depends upon the steam pressure, the diam- 
eter and stroke of the piston, and the ratio of the weight on the drivers 
to the total weight of the engine, not including the tender. The 
formula for the tractive force of a simple engine is 

rp _ .S5 p d^ L 
D 

where 

T = the tractive force in pounds 

d = diameter of cylinders in inches 

L = stroke of the piston in inches 

D = diameter of the driving wheels in inches 

p = boiler pressure in pounds per square inch 

\\1ien indicator cards are available, the mean effective pressure 

on the piston in pounds per square inch may be accurately determined 

and its value p^ may be used instead of .85 p, in which case the formula 

becomes 

D 

Some railroads make a practice of reducing the diameter of 
the drivers D by 2 inches in ortler to allow for worn tires. 



127 



116 LOCOMOTIVE BOILERS AND ENGINES 

In the case of a two-cylinder compound locomotive, the formula 
for tractive force is 

y _ .85 p (d,y L 

2 

where 

D = the diameter of the drivers in inches 

dj = diameter of low-pressure cylinder in inches 

d^ = diameter of high-pressure cylinder in inches 

Train Resistance. Tlie resistance offered by a train per ton of 

weight varies with the speed, the kind of car hauled, the condition 

of the track, journals and bearings, and atmospheric conditions. 
Taking the average condition as found upon American railroads, 

the train resistance is probably best represented by the Engineering 

News formula 

4 
in which 

R = the resistance in pounds per net ton (2000 pounds) of load 

S = speed in miles per hour 

The force for starting is, however, about 20 pounds per ton which 
falls to 5 pounds as soon as a low rate of speed is obtained. The 
resistance due to grades is expressed by the formula 

W = 0.38 M 
in which 

jR' «= the resistance in pounds per net ton of load 

M = grade in feet per mile 

The resistance due to curves is generally taken at from .5 to .7 
pounds per ton per degree of curvature. Taking the latter value 
and assuming that locomotives on account of their long rigid wheel 
base produce double the resistance of cars, we have 

R'' = .7 C for cars, and 

/J" == 1.4 C for locomotives 
in which 

/i" =*the resistance in pounds per net ton due to curvature 

C = the curvature in degrees 

Considerable resistance is offered by wind but this is of such a 
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nature that calculations are extremely difficult to make which would 
be of any practical value. 

The resistances mentioned above do not take into account that 
due to the acceleration of the train. This may be expressed by the 
formula 

R'" = .0132 v" 
in which 

V = the speed in miles per hour attained in one mile when 

starting from rest, being uniformly accelerated 

7J'" = resistance in pounds per net ton due to acceleration 

Locomotive Rating. Since the locomotive does its work most 
economically and efficiently when working to its full capacity, it 
becomes necessary to determine how much it can handle. The de- 
termination of the weight of the train which a locomotive can handle 
is called the rating. This weight will vary for the same locomotive 
under different conditions. The variation is caused by the difference 
in grade, curvature, temperature conditions of the rail, and the amount 
of load in the cars. The variation due to the differences of car re- 
sistance arising from a variation of the conditions of the journals and 
lubrication is neglected because of the assumption of a general average 
of resistance for the whole. 

The usual method of rating locomotives at present is that of 
tonnage. That is to say, a locomotive is rated to handle a train, 
weighing a certain number of tons, over a division. This is preferred 
to a given number of loaded or empty cars because of the indefinite 
variation in the weights of the loads and the cars themselves. 

In the determination of a locomotive rating there are several 
factors to be considered, namely, the power of the locomotive, 
adhesion to the rail, resistance of the train including the normal 
resistance on a level, and that due to grades and curves, value of 
momentum, effect of empty cars, and the effect of the weather and 
seasons. 

The power of a locomotive and its adhesion to the rails has 
already been considered. From the formula given, the tractive power 
can be calculated very closely from data already at hand. 

There are three methods in use for obtaining the proper tonnage 
rating. First, a practical method which consists in trying out each 
class of engine on each critical or controlling part of the division 
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and continuing the trials until the limit is reached. Second, a more 
rapid and satisfactory method is to determine the theoretical rating. 
Third, the most satisfactory method is, first, td determine the theo- 
retical rating and then to check the results by actual trials. 

The value of the momentum of a train is a very important ele-^ 
ment in the determination of the tonnage rating of locomotives on most 
railroads. In mountainous regions, with long heavy grades, there 
is little opportunity to take advantage of toomentuta, V^hile on un- 
dulating roads, it may be utilized to the greatest advantage. An 
approach to a grade at a high velocity when it can be reduced in 
ai^cending the same, enables the engine to handle greater loads than 
would othei*\\ise Ije possible without such assistance. Hence, stops, 
crossings, curves, water tanks, etc., will interfere with the make-up 
of a train if so located as to prevent the use of momenJ;um. It is 
necessary, therefore, to keep all these points in mind when figuring 
the rating of a locomotive for handling trains over an undulating 
division. 

The ordinary method of allowing for momentum is to deduct 
the velocity head from the total ascent and consider the grade easier 
by that amount. 

For example: Suppose that a one per cent grade 5,000 feet long 
is so situated that trains could approach it at a high speed. The 
total rise of the grade would be 50 feet but 15 feet of that amount 
could be overcome by the energy of the train, leaving 35 feet that the 
train mUst be raised or lifted by the engine. The grade in which the 
rise is 35 feet in 5,000 woukl be a 0.7 per cent grade, so that if the 
engine could exert sufficient force to overcome the train resistance and 
that due to a 0.7 per cent grade, the train could be lifted the remain- 
der of the lieight by its kinetic energy. In this case, the 5,000 feet of one 
per cent grade could be replaced by a grade of 0.7 per cent 5,000 
feet long, and the effect oh the load hauled by the engine would be 
the same if in the latter case the energy of the train were not taken 
into account. Since the height to which the kinetic energy raises 
the trahi is independent of the length of the grade, its effect becomes 
far less when the grades are long than when short. Thus, for a one per 
cent grade 1,000 feet long, the total rise being only 10 feet, the kinetic 
energy wotikl l)e more tlian sufficient to raise the weight of the train 
up the entire grade leaving only the frictional resistance to be over- 
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come by the engine; whereas if the grade were 50,000 feet in length, 
or a total rise of 500 feet, the energy of the train would only reduce 
this rise about 15 feet, leaving a rise of 485 feet or the equivalent of a 
0.99 pet cent grade to be overcome by the engine, a reduction not 
Worth Considering. 

It is thus seen that the length of a grade exerts a great influence 
on the value of the momentum. 

Within ordinary limits, the following formula gives very accurate 
results 

_ (P L p^ 

D i k' 4-- — \ (l- ^' "" ^"^ 1 

V 2.64^ V ,i-2.64fl\ / 

.005G6 a Ml -I — . \ 

where 

T = number of tons including engine, which can be hauled 

over a grade with velocities of V and v 
d = diameter of cylinder in inches 
L = length of stroke ih inches 

Pj = mean effective pressure in pounds per square inch 
D = diameter of driver in inches. 
R' = resistance in pounds per ton on a level track due to friction, 

air curves, and velocity, which may be taken at 8 

pounds per ton 
a = grade in feet per mile 
I = length of grade in feet 

V = velocity in miles per hour at foot of grade 

V = velocity in miles per hour at top of grade 

Thus, with an engine having cylinders 17 inches in diameter, 
a stroke of 24 inches, driving wheels 62 inches in diameter, and 
nmning at a velocity of 30 miles per hour, the formula gave a rating 
of 738 tons. On actual tests, it was possible to handle 734 tons with 
a speed of 10 miles an houf at the top of the grade. 

The effect of empty cars is to reduce the total tonnage of the 
train below what could be handled if they were all loaded. The 
resistance of empty cars when on a straight and level track varies from 
30 to 60 per cent more per ton of weight than loaded cars. 

In using the formula given above, loaded cars are assumed. Por 
empty cars, 40 per cent should be added. That is to say, if a train 
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is composed of empty and loaded cars and is found to have a certain 
resistance, 40 per cent should be added to the portion of resistance 
due to the empty cars. 

There is considerable difference of opinion regarding the allow- 
ance which should be made for the conditions of weather, etc. The 
following is a fair allowance which has been found to give satisfactory 
results in practice: Seven per cent reduction for frosty or wet rails; 
fifteen per cent reduction for from freezing to zero temperature, 
and twenty per cent reduction for from zero to twenty degrees below. 

The use of pushing or helping engines over the most difficult 
grades of an undulating track will increase the train load and thus 
reduce the cost of transportation. 

LOCOMOTIVE APPLIANCES 

In order to enable the engineer to operate and control a loco- 
motive successfully and economically a certain number of fittings 
on the locomotive are necessary. These fittings consist chiefly of the 
safety valves, whistle, steam gauge, lubricator, water gauges, blower, 
throttle valve, injector, air brake, and signal apparatus. 

Safety Valves. The universal practice at present is to use at 
least two safety valves of the pop type upon every locomotive boiler. 
On small locomotives where clearances will permit, the safety valves 
are placed in the dome cap. On large locomotives where the available 
height of the dome is limited, the safety valves are usually placed on 
a separate turret. When limiting heights will not permit tlie use of 
turrets, the safety valves may be screwed directly into the roof of the 
boiler. 

The construction of a good safety valve is such that when it is 
raised, the area for the escape of steam is sufficient to allow it to 
escape as rapidly as it is formed, and that as soon as the pressure has 
fallen a pre-determined amount, it will close. 

It should be so designed that it can neither be tampered with 
nor get out of order. It must act promptly and efficiently and not be 
affected by the motion of the locomotive. These conditions are all 
fulfilled in the type of valve shown in section in Fig. 91. Tn this 
design, the valve a rests on the seat b b and is held down by a spindle 
c, the lower end of which rests on the bottom of a hole in the valve a. 
A helical spring d rests on a collar on the spindle. The pressure on the 
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spindle is regulated by screwing the collar e up or down. The valve 
seat b b may be rounded or straight. Outside of the valve seat there is 
a projection /, beneath which a groove g is cut in the casing. When 
the valve lifts, this groove is filled with steam which presses against 



Fig. ei. Sei-tlon of Ssiety Valve 



that portion of the valve outside of the seat, and, by thus increasing 
the effective area of the valve, causes it to rise liigher and to remain 
open longer than it otherwise would without (his projection. Tlie 
adjustment of the valve is usually made so that after opening, it will 
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permit steam to escape until the pressure in tlie boiler is.aI>oiit 4 
pounds below the normal pre.'isure. Tlie steam escaping through 
the small holes A, is muffled, thus avoiding great annoyance. 

Another form of safety valve which is being largely used Is that 
shown in Fig. 92. The principle of its operation is the same as that 
just described. It is said to be very quiet and yet gives effective 
relief. It is being adopted by several railroads. 

The Injector. The injector may be defined as an apparatus for 
forcing water into a steam lx>iler in which a jet of steam imparts 
its energy to the water and thus forces 
it into the boiler against boiler pres- 
sure. Injectors are now imiversally 
employed for delivering the feed water 
to the boiler. Two injectors are always 
iiseil, either one of which should have 
a capacity sufficient to supply the 
boiler with water under ordinary 
working conditions. Tliey are located 
one on either side of the l>oiler.' In- 
jectors may be classified as lifiinrj 
and non-lift i lie/, the former being 
most commonly used. The lifting in- 
jector is placed above the high water 
line :n the tank, therefore in forcing 
water into the boiler, It lifts the water 

"'• '■s.,t.Tv-",'."°' °' ii>™8i> » i"iei" "' « fe" '"'■ ■"» 

iion-lifling injector in placetl below the 
l)oftoni of the wafer tank, hence the water ilows to the injector by 
rea.son <if gravitation. 

Tliere are a great many different injectors on the market. All 
work upon the same general principle, dilVering only in the detiiils of 
ronstniction. One tyije only will be dcscribeil, namely, the Sellers 
injector illustrated in Fig. 03. 

Sellers Injector. To ojjerate this injector, the method of proce- 
dure Is aa follows: Draw starting lever, 33, slowly. If tlie watiT 
supply b hot, draw the lever about one inch and after the water 
is lifted, draw llic lever out die entire ilislance. The nun lever, 34, 
tnu-st l>e in llic position shown. To stop the injector, push die starting 
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W'ver in. To rf^ilate the amount of fli>w of water after tlie injector 
hiLH lieen .started, a<ljii.st the reflating hamlie, 41. If it is desired 
U) use the injector as a heater, place the cam le^-er, 34, in the rear 
position and pull the starting lever slowly. 

The injector is not a sensitive instrument but requires care to 
ke<;p it in working condition. It should be securely connected to the 
lK>iler in easy reach of the engineer. All joints must be perfectly 
tight to insure good working conditions. All pipes, hose connections, 
valves, and strainers must be free from foreign matter. Most failures 
of injectr>rs are due largely to the presence of dirt, cotton, waste, etc., 
in the strainers. It is not possible to mention in detail all circum- 
stances which produce injector failures but the complaints com- 
monly heard are as follows: 

1. The injector refuses to lift the water promptly, or not at 

all. 

2. The injector lifts the water but refuses to force it into the 
boiler. It may force a part of the water into the boiler, the remainder 
l)eing lost in the overflow. 

Unless these failures are due to the wearing out of the nozzles 
which may l)e renewed at any time, they may be largely avoided by 
keeping in mind the following points: 

All pipofl, oHpccially iron ones, should be carefully blown out with steam 
l)efor« the injector is attached, the scale being loosened by tapping the pipes 
with a hammer. 

All valvoH should be kept tight and all spindles kept tightly packed. 

When a pijK? is attached to the overflow, it should be the size called for 
by the manufacturer. 

The fl\iction pipe must be absolutely tight sinceany air leak reduces the 
capacity of the injector. 

The delivery pijx* and boiler check valve must be of ample dimen- 
sions. 

The suction pipes, hose, and tank valve connections must be of ample 
size and the hose free from sharp kinks and bends. 

The strainer should be large enough to give an ample supply of water 
even if a number of the holes are choked. 

The injector is one of the most important boiler appliances, for 
upon the ability of the injector to promptly supply the necessary 
water depends the movement of trains. It is, therefore, very neces- 
siiry to keep the injector in perfect repair by following the hints 
given above. 
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Fig. M. LocomotiTe Wiiifli«. 
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The Whistle. The whistle is used for signaling purposes and 
consists of a thin circular bell, Fig. 94, closed at the top and sharp at 
the lower edge. Steam b allowed to escape from a narrow circular 
orifice directly beneath the edge of the bell. A part of the escaping 
steam enters the interior of the bell and sets up vibrations therein. 
The more rapid these vibrations, the higher the tone of the w^histle. 
The tone is affected by the size of the bell and the pressure of the steam. 
The larger the bell, the lower will be the tone. The higher the steam 
pressure, the higher the tone. In order to avoid the shrill noise of the 
common whistle, chime whistles are commonly used, one tj'pe of 
which is illustrated in Fig. 94. In this illustration the bell is divided 
into three compartments of such proportions that the tones harmonize 
and give an agreeable chord. 

Steam Gauges. Tlie usual construction of the steam gauge will 
not be presented here but reference is made to tlie instniction paper 
on "Boiler Accessories." 

Water Gauges. Water gauges are also fully explained in the 
instruction paper on "Boiler Accessories." 

The Blower. The blower consists merely of a steam pipe leading 
from and fitted w^ith a valve in the cab to the stack w^here it is turned 
upward. The end of this pipe is formed into a nozzle. The es- 
caping steam gives motion to the air exactly as already explaine4 for 
the exhaust and thus induces a draft through the fire-box. It is used 
when the fire is to be forced while the engine is standing. 

Throttle Valve. The throttle valve now in universal use is soipe 
form of a double-seated poppet valve, as illustrated in Fig. 95. In 
this type, two valves a and b are attached to a single stem, the upper 
valve being slightly the larger. The lower valve b is of si|ch a diam- 
eter that it will just pass through the seat of the valve a. The stegm, 
therefore, exerts a pressure on the lower face of b and the upper face 
of a. As the area of a is the greater, the resultant tendency is to hold 
the valve closed. The valve is, therefore, partially balanced. It 
will be difficult to open large throttle valves such as are now used on 
locomotives carrying high steam pressures, with the ordinary direct 
form of leverage. In such cases, it will be necessary to give a strong, 
quick jerk to the throttle lever before the valve can be moved from 
its seat. The arrangement of leverage shown in Fig. 95 obviates this 
difficulty. The rod c connects with a lever in the cab and communi- 
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cates its movement to the l^ell crank d, whence it is carried by the 
stem e to the valve. The pivot of the bell crank is provided with a 
slotted hole. At the start, the length of the short arm is about 2\ 
inches while the long arm is about 9 J inches. After the valve has 
l)een lifted from its seat and is free from excess pressure on a, the 
projecting arm A on the back of the bell crank comes in contact with 
the bracket B on the side 
of the throttle pipe and 
the bell crank takes the 
position shown by the 
dotted lines in the figure. 
The end of the project- 
ing arm A then becomes 
the pivot and the length 
of the short arm of the 
lever is changed to 9 J in- 
ches and that of the long 
arm to about 11 J inches. 
Dry Pipe. The dry 
pipe connects with the 
throttle valve in the 
steam dome and extends 
from the dome to the 
front flue sheet, termi- 
nating in the T, which 
supplies steam to the 
steam pipes. It is evi- 
dent, therefore, that the 
dry pipe must be of such 

capiacity that it will supply both cylinders with a sufficient amount 
of steam. The following sizes are usually used: 

TABLE XII 
Dry Pipe Sizes 




Fig. 95. Throttle Valve. 



Diameter op Cylinder 
IN Inches 



Diameter of Dry -Pipe 
IN Inches 



14-17 





17-19 


6 


19-21 


7 


21 


, 8 
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Lubricator. The lubricator, one of the most essential locomotive 
appliances, is usually supported by a bracket from the back head of 
the boiler in convenient reach of the engineer. It may be a two-, 
three-, or four-sight feed lubricator as the case demands, the number 
of sight feeds indicating the number of lubricating pipes supplied by 
the lubricator. For instance, a two-sight feed lubricator has two 
pipes leading to each steam chest. A triple sight feed is used to supply 
oil to both steam chests and also to the cylinder of the air pump. In 
using super-heaters, it has been found necessary to oil the cylinders 
as well as the valves, hence the need of the four-sight feed lubricator. 
Kg. % shows sections of a well-known make of a triple sight feed 
lubricator. The names of the parts are as follows: 



1. 


CONDENSER 


15. 


REGULATING VALVES 


3. 


FILLING PLUG 


16. 


TOP CONNECTION 


8. 


HAND OILER 


17. 


EQUATJZING PIPE 


4. 


CHOKE PLUG or REDUCING PLUG 


18. 


OIL PIPE 


5. 


TATT^PIECE 


19. 


WATER PIPE 


6. 


DELIVERY NUT 


20. 


SIGHT FEED DRAIN VALVE 


7. 


WATER VALVE 


21. 


EXTRA GLASS AND CASING 


8. 


STUD NUT 


22. 


CLEANING PLUG 


9. 


SIGHT FEED GLASS AND CASING 


23. 


BODY PLUG 


9a. 


FEED NOZZLE 


24. 


OIL PIPE PLUG 


11. 


BODY 


28. 


GAUGE GLASS BRACKET 


13. 


GAUGE GLASS AND CASING 


29. 


CLEANING PLUG 


14. 


WASTE COCK 


30. 


GAUGE GLASS CAP 



The lubricator is fastened to the boiler bracket by means of the 
stud nut, 8. In brief, the operation of the lubricator, as illustrated 
in Fig. 96, is as follows: 

Steam is admitted to the condensing chamber, 1, through the 
boiler connection, 16. The steam condenses in the condenser and 
passes through the equalizing pipe to the bottom of the oil reservoir. 
The lubricator is filled at the filling plug, 2. As the condensed steam 
fills up the lubricator, the oil level is raised until the oil passes through 
the tubes, 18, to the regulating valve, 15, from whence it is permitted 
to pass drop by drop through the sight feed glass, 9, to the different 
conveying pipes.. To fill the lubricator, first be sure that the steam 
valve is closed, then remove the filling plug and pour in the necessary 
amount of oil. After the filling plug has been replaced, open the 
steam valve slowly and let it remain open. After this, regulate the 
flow of oil by means of the regulating valves, 15. 

Air Brake and Signal Equipment The air brake and signal 
equipment are fully explained in the instruction book on the ''Air- 
Brake" and will not be presented. 
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RAILWAY SIGNALING 

Railway signaling is a very important subject and one to which 
a great deal of attention has been directed in recent years; it is by 
no means a new subject, however, nor has its development been 
rapid. It early became evident that signals are necessary in govern- 
ing the movement of trains, so w^e find that as the traffic and speed 
of trains increased, the demand for improvements in signaling like- 
wise increased. 

Although there are a great many kinds of signals on the market, 
they may all be classed under four general types, namely, audible, 
movable, train, and fixed signals. The audible signal is well known 
as the bell, whistle, and torpedo. 

Whistle Signals. One long blast of the whistle is the signal for 
approaching stations, railroad crossings, and junctions. (Thus .) 

One short blast of the whistle is the signal to apply the brakes 
to stop. (Thus — .) 

Two long blasts of the whisle is the signal to release the brakes. 
(Thus .) 

Two short blasts of the whistle is an answer to any signal unless 
otherwise specified. (Thus .) 

Three long blasts of the whistle to be repeated until answered 
is the signal that the train has parted. (Thus .) 

Three short blasts of the whistle when the train is standing, to 
be repeated until answered, is a signal that the train will back. (Thus 

Four long blasts of the whisde is a signal to call in the flagman 
from the west or south. (Thus .) 

Four long, followed by one short blast of the whistle, is the signal 
to call in the flagman from the east or north. (Thus 

•) 

Four short blasts of the whistle is the engineman's call for signals 
from switch tenders, watchmen, trainmen, and others. (Thus 

One long and three short bliiSts of the whistle is a signal to the 
flagman to go back and protect the rear of the train. (Thus 

One long, followed by two short blasts of the whistle, is the 
signal to be given by trains when displaying signals for a following 
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train to call the attention of trains of the same or inferior class to 
the signals displayed. (Thus .) 

Two long followed by two short blasts of the whistle is the signal 
for approaching road crossings at grade. (Thus .) 

A succession of short blasts of the whistle is an alarm for persons 
or cattle on the track and calls the attention of trainmen to the danger 
ahead. 

Bell Cord Signals. One short pull of the signal cord when the 
train is standing is the signal to start. 

Two pulls of the signal cord when the train is running is the 
signal to stop at once. 

Two pulls of the signal cord when the train is standing is the 
signal to call in the flagman. 

Three pulls of the signal cord when the train is running is the 
signal to stop at the next station. 

Three pulls of the signal cord when the train is standing is the 
signal to back the train. 

Four pulls of the signal cord when the train is running is the 
signal to reduce the speed. 

When one blast of the signal whistle is heard while a train is 
running, the engineer must immediately ascertain if the train has 
parted, and, if so, take great precaution to prevent the two parts of 
the train from coming together in a collision. 

Movable Signals. Movable signals are used to govern the 
movement of trains in switching and other service where demanded. 
They are made with flags, lanterns, torpedoes, fusees, and by hand. 
The following signals have been adopted as a standard code by the 
American Railway Association : 

Flags of the proper color must be used by day and lamps of the 
proper color by night or whenever from fog or other cause, the day 
sigiiab cannot be clearly seen. 

Red signifies danger and is a signal to stop. 

Oreen signifies caution and is a signal to go slowly. 

White signifies safety and is a signal to continue. 

Oreen and white is a signal to be used to stop trains at flag stations 
for passengers or freight. 

Blue is a signal to be used by car Inspectors and repairers and 
signifies that the train or cars so protected must not be moved. 
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An explosive cap or torpedo placed on the top of the rail b a aigoal . 
to be used in addition to the regular signals. 

The explosion of one torpedo is a signal to stop immediately. 
The explosion of two torpedoes is a signal to reduce speed immedi- 
ately and look out for danger signals. 

A fusee is an extra danger signal to be lighted and placed on a 
track at night in case of accident and emergency. 

A trun finding a fusee burning on the track must come to stop 
and not proceed until it has bumed out. A flag or a lamp swin^g 
across the track, a hat or any object waved violently by any person 
on the tiack, signifies danger and is a signal to stop. 




The hand or lamp raised and lowered vertically b a signal to 
move ahead, Fig. 97. 

The band or lamp swung across the track b a signal to stop. 
Fig. 98. 

TTie hand or lamp swung vertically in a circle across the track 
when the train b standing b a signal to move back, Fig. 99. 

The hand or lamp swung vertically in a circle at arm's length 
across the track when the train is rumiing b a signal that the train 
has parted. Fig. 100. 

Train Signals. Each train while runnmg must dbplay two 
green flags by day. Fig, 101, and to green lights by night, one on 
each side of the rear of the train, as makers to indicate the rear of 
the train. 

Each train running after sunset or when obscured by fog or other 
cause, must display the head light in front and two or more red lights 
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in the rear, Fig. 102. Yard engines must display' two green lights 
instead of red except when provided with a head light on both front 
and rear. 

\Mien a train pulls otit to pass or meet another train the red lights 
must be removed and green lights displayed as soon as the track is 




Day Rear Signal. 



clear, Fig, 103, but the red lights must again be displayed before 
returning to its own track. 

Head lights on engines, when on side tracks, must be covered 
as soon a^ the track is clear and the train has stopped and also when 
standing at the end of a double track. 

Two green flags by day and night. Fig. 104, and in addition two 
green lights by night, Fig. 105, displayed in places provided for that 
purpose on the front of an engine denote that the train is followed 




by another train running on the same schedule and entitled to the 
same time table rights as the train carrying the signals. 

An application of the above rules to locomotives running back- 
ward are shown in Figs. 106, 107, and 108. 

Fig, 106 shows the arrangement of flags when a locomotive is 
running backward by day without cars, or pushing cars and carrying 
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signals for a following train. There are two green flags, one at A and 
one at B, on each side. The green flag at ^4 b a classiflcation signal 
and that at B is the marker denoting the rear of the train. 

Two white flags by day and night, Fig. 109, and in addition two 
white lights by night, Fig. 110, displayed in places provided for that 




Fig. 106. Fig. 107. Fig. 108. 

Signal of Train Behind or Locomotive Running Backvrard. 

purpose on the front of an engine, denote that the train is an extra. 
These signals must be displayed by all extra trains but not by yard 
engines. 

Fig. 107 shows the arrangement of flags on a locomotive which 
is running backward by day without cars or pushing cars and running 
extra. There is a white flag at A and a green one at B, The white 
flag is a classification signal and the green flag is the marker denoting 
the rear of the train. 

Fig. 108 shows tlie arrangement of flags and lights on a loco- 
motive which is running backward by night without cars or pushing 
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Fig. 109. Day Signal 
on Extra Train. 



Fig. 110. Nlglit Signal 
on Extra Train. 



cars and carrying signals for a following train. There is a green 
flag and light at A and a combination light at B. The green light and 
flag at A serve as a classification signal. The combination light at 
iS is a marker showing green on the side and the direction in which the 
engine is moving and red in the opposite direction. 
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Fig. 110 shows the arrangement of flags and lights on a train 
running forward by night and running extra. There is a white flag 
and white light at il as a classification signal. At B there is a com- 
bination light. This combination light shows 
green to the sides and front of the train and 
red to the rear. 

Fig. Ill shows the arrangement of flags 
and lights on a locomotive running backward 
by night without cars or pushing cars and run- 
ning extra. There are white flags and white 
lights at ^ .il as classification signab. At B 
B there are combination lights showing green 

on the sides and the direction In which the 

, , . , *is- in. 

engine is runnmg, and red m the opposite Night Sienai on Locomo- 

direcUon. The combination lights serve as "™ ^^'^^".'"*^* 

markers. 

Fig. 112 shows the arrangement of green marker flags on the 
rear of the tender of a locomotive which is moving forward by day 
without cars. 

Fig. 113 shows the arrangement of combination lights used as 
markers on the rear of the tender of a locomotive which is running 
forward at night without cars. The combination light shows green 
at the sides and front and red at the back. 

Fig. 114 shows the arrangement of lights on Uie rear of the tender 
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of a locomotive which is running backward by night. There is a single 
white light at A. 

Fig. 115 shows the arrangement of lights on a passenger train 
which is being pushed by an engine at night. There is a white light 
at A on the front of the leading truck. 



136 



LOCOMOTIVE BOILERS AND ENGINES 





Fig. 115. 

Night Signal for Pas- 

sciiger Traiin pushed 

by an Engine. 



Ml- 

Fig. 116. 

Night Signal for 

Freight Train Pushed 

by an Engine. 



Fig. 116 shows the arrangement of lights on a freight train which 
is being pushed by an engine at night. There is a single white light 
at A. 

Fixed Signals. Fixed signals consist in the use of posts or towers 
fixed at definite places and intervals having attached to them a system 

of rods, levers, and bell cranks 

to properly operate the arms 

or semaphores. The target is 

one form of fixed signal. 
Targets are used to indicate, 

by form or color or both, the 

position of a switch. A target 

usually consists of two plates 

of thin metal at right angles to 

each other attached to the 

switch staff. The setting of 
the switch from the main line to a siding, for example, turns the staff 
through a quarter revolution thus exposing one or the other of the 
disks to view along the track. The disks or targets are usually 
painted red and white, respectively. T\Tien the red signal is ex- 
posed, the switch is set to lead off to the siding. WTien the white one 
is exposed, the switch is closed and the main line is clear. At night, 
a red and green or red and white light shows in place of the target. 
The semaphore may now be considered as the standard method 
of controlling the movement of trains. It consists of an arm A, 
Fig. 117, pivoted at one end and fastened to the top of a post, ^^^len 
in the horizontal position, it indicates danger. When dropped to a 
position of 65 or 70 degrees below the horizontal, as in Fig. 118, it 
indicates safety. 

At night, the semaphore is replaced by a light. There are two 
systems of light signals; one is to use a red light for danger, a green 
light for safety, and a yellow light for caution. The other is to use 
red for danger, white for safety, and green for caution. The method 
of operation is to have a lantern B, Fig. 118, attached to the left-hand 
side of the signal post in such a position that when the semaphore arm 
is in the horizontal position, the spectacle glass C will intervene be- 
tween the approaching engine and the lantern as in Fig. 117. This 
spectacle glass is red. Where green is to be shown with a semaphore 
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in the position shown in Fig. 118, the spectacle frame is double, as in 
Fig. 119, the upper glass being red and the lower green. 

Semaphore arms are of two shapes, 
square at the ends as in Figs. 117, 118, 
and 119, and with a notched end, as in 
Fig. 120. The square ended semaphore 
is used for what is known as the home and 
advanced aignals, and the notched end 
for distance signals. Semaphores are set 
so as to be pivoted at the left-hand end as 
viewed from an approaching train. Thfe 
arm itself extends out to the right. 

The use of home, distance, and 
advanced signab is as follows: The 
railroad is divided into blocks at each 
end of which a home signal is located. 

When the home signal is in a horizontal p*""™ 

position or danger position, it signifies 
that the track between it and the next 
one in advance b obstructed and that 
the train must stop at that point. 

The dbtance signal is placed at a 
considerable distance in front of the 
home signal, usually from 1,200 to 2,000 
feet, and serves to notify the engineer of 
the position of the home signal. Thus, if 
when he passes a dbtance signal, the J 
engineer sees it to be in a horizontal 

position, he knows that the home signal Fig. ii7, semaphore Set at 
b In the danger position also and that he Danger sigiml. 

must be prepared to stop at that point unless it be dropped to safety 
in the meantime. The distance signal should show the cautionary 
light signal at night. 

The advanced signal b used as a supplementary home signal. 
It is frequently desirable, especially at stations, to permit a train to 
pass a home signal at danger in order that it may make a station 
stop and remain there until the line is clear. An arrangement 
of block signab b shown in Fig. 121. Tliere are three home 
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signals A, B, and C on the west bound track, the distance between 
them being the length of the block. This distance may vary from 
1,000 feet to several miles. D, E, and F are the corresponding home 
signals for the east bound track. The distance signals G, H, I, and 
K protect the hon^e signals B, C, E, and F; L is the advanced signal 
at the station M for the home signal B. Thus, a train scheduled 
to stop at M will be allowed to run past the home signal at B when 
it is at danger and stop in front of the advanced signal L. When L 
is lowered to safety, the train can move on. 

The signals of the block are usually interlocked, that is, one 
signal cannot be moved to danger or safety until others have been 
moved. The signals of two succeeding stations are also interlocked, 
usually electrically. 

Block System. The term block as used above applies to a certain 
length of track each end of which is protected by means of a distance 
and home signal. The length of a block varies through wide limits 





Fig. 119. Home Semaphore 
Signal. 



Fig. 120. Distance Semaphore 
Signal. 



depending upon the nature of the country, amount of traffic, and speed 
of trains. The heavier the traffic, the more trains there are to be run, 
so it is desirable to run the trains as close together as possible. Hence, 
the blocks should be as short sls safety will permit. On the other hand, 
as the speed of the train increases, the time required to pass over a 
given distance is diminished, hence the length of a block may be 
increased. The length of the block differs for single-, double-, and 
four-track roads. Ordinarily the blocks are from ten to twelve miles 
long. There are a number of different kinds of block systems named 
as follows, according to the w^ay in which they are operated: the 
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«<ajf, controlled manual, atUomatic, and telegraph 
systems. All of these systems are similar in their 
principle of operation, differing only in the means used 
in securing the desired results. For instance, the con- 
trolled manual is operated by a tower man but the 
mechanism is partly automatic so that he cannot throw 
his signals until released by mechanism at the other 
end of the block which electrically locks his signals. 

The working of the lock and block system between 
two stations A and B, Fig. 121, is as follows: Wlien a 
train approaches A, the operator pulls his signal to 
clear, provided there is no other train in the block. As 
the train passes the signal and over a short section of 
insulated track, the wheeb short circuit the track 
which carries an electric current. This action 
operates electrical apparatus which permits the sema- 
phore arm to go to the danger position by force of 
gravity. After the operator has cleared the signal, an 
electric locking machine works in such a way that the 
signal cannot again be cleared until the train has 
passed over another section of insulated track as it 
passes out of the block at the station B. When the train 
passes this second section of track and short circuits 
the track, an electric current is automatically sent back 
through line wires to A and unlocks the machine, 
giving the operator at A permission again to clear his 
signal permitting another train to enter the block. 

The above description of the lock and block or 
controlled manual system will make clear the following 
established principles of interlocking: 

1. Each home signal, lever in that position 
which corresponds to the clear signal must lock the 
operating levers of aU siviiches and switch locks which, 
by being moved during the passage of a train running 
accordiTig to that signal, might either^ throw it from the track, divert 
it from its intended course, or allow another train moving in either direc- 
tion to come into collision with it. 

2. Each lever so locked muM in one of its two positions lock the 
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original home signal in its danger -position, thai ■position of the lever 
being taken which gives a position of switch or sjviieh lock contrary to 
the route implied by the home signal when dear. 

3. Each home signal should be so interlocked with the lever of 
its distance signal that it will be impossible to clear the distance signal 
until the home signal is clear. 

4. Switch and lock levers should be so interlocked that crossings 
of continuoits tracks cannot occur where such crossings are dependent 
upon the mutual "position of switches. 

5. Switch levers and other locking levers should be so interlocked 
thcd the lever operating a switch catinot be moved while that switch is 
locked. 

Levers at one signal station are locked from the station in ad- 
vance. Thus, the signal A, Fig. 121, cannot be put to clear until 
freed by the operator at B. B cannot be cleared until freed by C, etc. 
Levers and signals may be operated by hand, pneu- 
matic, or electric power, the \aat two either automa- 
tically or by an operator. 

Hall Signal. Disk signals are also used for block 
signaling and are usually automatic. The Hall 
signal, illustrated in Fig. 122, is an example of this 
kind. It consists of a glass case A contwiing 
electric apparatus operated by a current controlled 
by the passage of a train. 'When the block is 
closed, a red disk BUs the opening B by day, and a 
red light shows at C by night. A clear signal is 
indicated by a clear opening at B by day and a white 
light at C by night. 

When a single track is to be operated by block 
signals, it is customary to put two semaphores on 
FiB, 122. Hall one pole, as shown in Fig. 123. The arm extend- 
ing to the right as seen from an approaching train 
b the one controlling the movement of that train. 

Dwarf Signals. These are in all respects similar to the regular 
semaphore differing only in their size. They are usually short arms 
painted red, standing from two to four feet from the ground, and are 
similar to the home signal. They are used only to govern movement 
for trains on secondary tracks or movements against the current of 
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traffic on main tracks when such reverse movement becomes necessary, 
and where necessary in yards. They are especially used for governing 
the movement of trains in backing out of train sheds at terminals. 

Absolute and Permissive Block Signaling. Block signaling 
should always be absolute, that is, when the home signal is at danger 
no trains should be allowed to pass. It should never be cleared until 
the whole block in advance is emptied ; that is, the signal at B, Fig, 121, 
should never be set to clear until 
the last preceding train has 
passed the home signal at C. 

Permissive signaling intro- 
duces a time element into the 
system and is practiced by many 
roads. Thus, when a certain 
time, usually from 5 to 10 min- 
utes, has elapsed after a train has 
passed a home signal, a follow- 
ing train is allowed to proceed 
though the signal still remains at 
danger. The following train is 
notified of the occupancy of the 
block by the preceding train by 
the display of a cautionary signal, usually a green flag or light 
from the tower at the signal so passed. It is a dangerous system 
and one subversive of good discipline and safety. 

LOCOMOTIVE OPERATION 

Running. The actual handling of a locomotive on the road 
can only be learned by practice with the engine itself. There are, 
however, certain fundamental principles which must be borne in 
mind and applied. 

Firing. Before taking charge of a locomotive, a considerable 
period must be spent as a fireman. The first things to be learned are 
the principles governing the composition of fuels. 

The difference between the work of a locomotive boiler furnace 
and one under a stationary boiler b that in the former the rate of fuel 
consumption k very much greater than in the latter. In locomotive 
boilers it often occurs that 150 pounds of bituminous coal is burned 
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per square foot of grate area per hour while a consumption of 200 
pounds per square foot per hour is not unusual. 

Different fuels require different treatment in the fire-box. 

Bituminmis coal is the most common fuel used on American 
railroads. It varies so much in chemical composition and heat value 
that no fixed nile for burning it can be laid dowi>. The work of the 
fireman varies more or less with each grade of coal used. Ordinarily, 
the fuel bed should be comparatively thin. It may vary in thickness 
from 6 to 10 inches or even more, depending on the work the locomo- 
tive is called upon to perform. The fuel bed should be of sufficient 
thickness to prevent its being lifted from the grate under the in- 
fluence of the draft created by the exhaust. 

In order to obtain the best results, the stoking must be very 
nearly constant. Three shovelfuls at a time have been found to give 
very good results. The fire door should be closed between each 
shovelful so as to be only open on the latch. This delivers air to 
complete the combustion of the hydrocarbon gases which are dis- 
tilled the moment the fresh coal strikes the incandescent fuel. In 
placing the fuel in the fire-box, it is well to heap it up slightly in the 
corners and allow the thinnest portion of the bed to be in the center 
of the grate. Tlie frequency of the firing depends upon the work 
the engine is called upon to do. 

The fire should always be cleaned at terminals and when the 
grade Is favorable the slice bar may be used and the clinker removed 
through the furnace door while running. 

Anthracite coaL In using anthracite coal, it is best, whenever 
possible, to do the stoking on favorable grades and at stations. The 
thickness of the fuel bed varies in size with the kind of coal used. It 
may vary from three inches with fine pea and buckw-heat coal to 10 
inches with large lumps. The fuel should be evenly distributed over 
the entire grate. The upper surface of an anthracite coal fire must 
never be disturbed by the slice bar while the engine is working. 
When it is necessary to use the slice bar, it should be done only when 
there is ample time after its completion to enable the fire to come up 
again and be burning vigorously before the engine resumes work. 

Feeding the Boiler. Feeding the boiler is a matter requiring 
skill and judgment, especially where the locomotive is being worked 
to its full capacity. The injector is now the universal means em- 
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ployed for feeding the locomotive boiler. Where it is possible, the 
most satisfactory way is to use a constant feed which will be average 
for the entire trip. In this way the water level will rise and fall but 
will alwavs l)e sufficient to cover the crown sheet. Under no cir- 
cunvstances should the water level be allowed to fall below the lower 
gauge cock. 

^^^lere a constant feed cannot be used, the injector may be 
worked to its full capacity on favoring grades and at station stops. 
This will give a storage of water to be drawn upon when the engine is 
working to its full capacity on adverse grades. Under such circum- 
stances, the stopping of the feed may enable the fire to maintain the 
requisite steam pressure, whereas the latter might fall if the injector 
were to be kept at work. Further, the use of the injector on down 
gi-ades and at stations keeps down the steam pressure and prevents 
the loss of heat by the escape of steam through the safety valves when 
the fire is burning briskly and the engine is not working. 

The Usk of Steam. The manner in which an engineer uses 
the steam in the cylinders is one of the controlling elements in 
the economical use of coal. In starting, the reverse lever must be 
thrown for\vard so that steam is admitted to the cylinders for as great 
a portion of the stroke of the piston as the design of the valve motion 
will permit. As the speed increases, the lever should be drawn back, 
thus shortening the cut-off. It will usually l>e found that when the 
engine is not overloaded, a higher speed will be attained and main- 
tained with a short than with a long cut-off. Tlie reason is that with 
a late cut-off, so much steam is admitted to the cylinder that it can- 
not be exhausted in the time allowed,, resulting in an excessive back 
prcvssure whicli retards the speed. 

Experiments have proven, however, that it is not economical 
to use a cut-off which occurs earlier than one-fourth stroke, for when 
the cut-off occurs earlier than this, the cvlinder condensation will 
more than offset the saving effected by the increased expansion so 
obtained. For this reason when the engine is nmning under such con- 
ditions that a cut-off earlier than one-fourth stroke can be used witli 
the throttle wide open, it may be better to keep the point of cut-off 
at one-fourtli stroke and partially close the throttle, thus wiredrawing 
the steam. The wiredrawing of the steam serves to superheat it to a 
limited extent and thus to diminish the cylinder condensation which 
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would (KTur were saturated steam at the same pressure being use<l. 

When nmning with the throttle valve clased, the reverse lever 
should be set to give the maximum travel to the valve in order to pre- 
vent the wearing of the shoulders on the valve seats. 

Learnixg the Road. learning the road is one of the most 
important things for the engineer to accomplish. He must know 
every grade, cur\'e, crossing, station approach, bridge, signal and 
whistle or l)ell post on the division over which he nuis. He must 
know them on dark and stormy nights as well as in the daytime. He 
must always know where he is and never l)e at the slightest loss as to 
his surroundings. He must not only know where every water tank 
is located but should also make himself familiar wirti the qualities of 
the various waters they contain. Tlien when he has a choice of 
places at which to take water he may clKK)se that containing the 
mallest amount of scale-forming matter. 

(iradcs. In the learning of a road an intimate knowledge of the 
gnides is of the first imjK>rtance to the engineer. He must know 
what his engine can handle over them, how it must be handled 
when on them, and how tlaey must l)e approache<l. An engine will 
fre(iuently be able to take a train over a grade if it has a high speed 
at the foot, whereas if a stop or slackening of the speed were to be 
made at the foot of the gnide it would l)e impossible to surmount it 
with the entire train. 

IlaiulUng Trains, Handling trains over different profiles of 
track requires different methods. On adverse grades, the work is 
probably the simplest. In such conditions the train is stretched out 
to its fullest extent. Every car is pulling back and the checking of the 
movement of the front of the train meets with an immetliate response 
throughout tlie whole train. The grade also prevents sudden ac- 
celeration at the front. It is, therefore, necessary merely to keep the 
engine at work. 

On favoring grades, the whole train when drifting is crow^ding 
down upon the IcK-oniotive and is likely to he bunched or closed together. 
Under these conditions, it is necessary to apply the air brakes which 
are at the front end and keep them applied so as to hold the speed 
under control and prevent the train from running away. Care should 
l)e taken in the application of the driving wheel brakes on long down 
grades lest the shoes heat the tires and cause them to become loose* 
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TliC greatest danger of injury to a train arises in passing over 
ridges and through sags. First, in leaving an adverse grade in passing 
over a ridge to a favoring grade, the engineer must be careful not to 
accelerate the front end of the train too rapidly lest it break in two 
before the '•ear end has crossed the summit. There i& greater danger, 
however, in runnhig through a dip where the grade changes from a 
favoring to an adverse one. Where brakes have been applied at the 
rear of the train and the slack prevented the train from becoming 
bunched, there is not the same danger as when the brakes have been 
applied at the front of the train. In the latter case, if tlie engineer 
is not careful in pulling out the slack, the train may be parted. Acci- 
dents of this class will l>e minimized if in everv case the slack is taken 
up slowly. A steady pull will not break the draft rigging of the car, 
whereas a sudden jerk may pull it out. 

In case a train does break in two, the engine and front portion 
should he kept in motion until the rear portion has been stopped. 
In so doing a collision may be avoided. Where air brakes are applied 
to the entire train, the rear portion will stop first owing to the pro- 
portional increase of weight and momentum of the locomotive. 

Freight trains require on the whole more careful handling than 
passenger trains. There is more slack in the couplings of the former 
than in the latter and the trains are much longer, consequently die 
shocks at the rear of a freight train, due to variation in speed, are 
much more severe than on passenger trains. The system of handling, 
while practically the same for both classes, recjuires more cure in order 
to avoid accidents with a freight train than with a passenger train. 

The End of the Ruk. AMien the run has l)een finished, 
the engineer should make a careful inspection of all parts of the 
engine so as to be able to report any repairs wliich may be needed in 
order to fit the locomotive for the next run. The roundhouse hostler 
should then take the engine and have the tender loaded with coal, 
the tank filled with water, and the fire cleaned. The engine should 
then be put over the pit in the roundhouse, carefully wiped, and again 
inspected for defects. 

Inspection. The inspection of locomotives should be thorough. 
It should embrace the condition of every exposed wearing surface and 
the behavior of every concealed one. All bolts and nuts should be 
examined to ascertain if they are tight. The netting in the front end 
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should be examined at frequent intervals to make sure that it is not 
burned out. Tlie stay-bolts should be inspected periodically in order 
that those broken may be replaced. AMieels and all parts of tlie run- 
ning gear and mechanism should be carefully scrutinized for cracks 
or other defects. 

Cleaning. Cleaning the engine should be done after every trip, 
since dust and dirt may cover defects which may be serious and 
ultimately cause a disaster. 

Repairs. Repairs of a minor nature can be made in the round- 
house and should receive prompt attention. Roundhouse repairs 
include such work as the replacing of the netting in the smoke-box, 
cleaning of nozzles, expanding and caulking leaky flues, refitting the 
side and connecting rod brasses, refitting valve seats, regrinding 
leaky .cab fitthigs, adjusting driving box wedges, repairing ash pans, 
replacing grates, renewing brake shoes, resetting valves, repairing 
water tanks, and sometimes may l)e extended to the re-boring of 
cylinders. To this list must also be added the I'egular work of re- 
newing all packing and cleaning out the boiler. 

Emergencies. Emergencies are constantly arising in locomotive 
running where a breakage of some part should be repaired while on 
the road. The part affected and the extent of the fracture has much 
to do with the possibility of running the engine home under its own 
steam. A few methods of dealing with the more common breakages 
will be given. 

Broken Side Rods. If a side rod breaks, the ends of the broken 
rod should be disconnected and the rod on the opposite side of the 
engine should be removed. An attempt should never be made to run 
a locomotive with only one side rod connected as the engine would be 
badly out of balance and trouble would arise when the driver at- 
tempted to pass the dead center. 

Broken Connecting Rod. If a connecting rod is broken without 
injury to the cylinder, the crosshead and piston should be blocked 
at one end of the stroke and the broken parts of the rod removed. 
The removal of the side rods depends upon the extent of injury to the 
crank pin on the broken side. All side rods should be left in position 
if the crank pin on the broken side is uninjured, otherwise all should 
be removed. The valve rod should be disconnected from the rocker 
arm and the valve stem clamped with the valve in the central position. 
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The valve stem may be clamped by screwing down one of the gland 
nuts more than the other, thus cramping the stem. It may also be 
secured by the use of the clamp shown in Fig. 124. This consists of 
two parts having V-shaped notches which are securely fastened to the 
valve stem by a bolt on either side. This is done after having passed 
the gland studs through the two slotted holes, which prevents any 
longitudinal movement of the stem after the nuts on the studs have 
l)een screwed home. The crosshejid should be forced to one end of 
the guides with the piston against the cylinder head. In this posi- 
tion, it can be secured by a piece of wood cut to fit snugly between it 
and the guide yoke. 

^^^len the parts on one side have been blocked in this way, the 
engine can be run to the shop with one side working. 

Broken Driving Springs. In case a driving spring breaks, a 
block of wood should be inserted between the top of the driving box 
and the frame. This can be done bv 
first removing the broken spring and its 
saddle, then running the other drives on 
wedges to lift the weight off the driver 
with the broken spring. The piece of 
wood should then be inserted and the pair 
of drivers run up on wedges. After this is 
done, the fallen end of the equalizing 
lever should be pried up until it is level and 
blocked in this position. All parts which 
are liable to fall off [should be removed. 

Low Water. If for any reason the water gets low in the boiler 
or if through accident some of the heating surface is laid bare, the fire 
should be dampened by throwing dirt into tlie fire-box. A stream 
of water should never be turned on the fire. 

Foaming. If foaming occurs, the throttle should be slowly 
closed. This prevents tlie water height dropping suddenly and un- 
covering the crown sheet. If there is a surface blow-off, it should be 
opened and the impurities on the surface of the water blown off. If 
the foaming is caused by grease which has collected in the tank, the 
tank should be overflowed at the next water station and a couple of 
quarts of unslacked lime placed in it. If this cannot be obtained, a 
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piece of blue vitriol, which may he obtaine<l at almost any telegraph 
office, may be placed in the hose back of the screen. 

Broken Sieam Chest. In case a steam chest becomes fractured, 
either the lower joint of the steam pipe on the side of the acciflent 
should be pried open and a blind wooden gasket inserted, or the steam 
chest and valve should be removed and a piece of board laid over the 
steam openings and firmly clamped in position by the studs of the 
steam chest. 

The above are a few of the accidents which may occur on the 
road. To prepare for emergencies, the best method is to study the 
locomotive and devise means of making temporary repairs for every 
accident imaginable, then when the accident does occur, the remedy 
can be promptly applied. 

TRAIN RULES 

The American Railway Association has adopted a uniform code 
of train rules which have been accepted by the railroads of the United 
States. These rules briefly stated are as follows: 

All trains are designated as regular or extra and may consist of 
one or more sections. An engine withouf cars in service on the road is 
considered a train. 

All trains are classified with regard to their priority of right to 
the track. 

A train of an inferior class must in all cases keep out of the way 
of a train of a superior class. 

On a single track all trains in one direction specified in the time 
table have tlie absolute right of track over trains of the same class running 
in tJw opposite direction. 

JVh^n trains of the same class meet on a single track, the train 
not having the right of track must take the siding and be clear of the 
main track before the leaving of the opposite train. 

When a train of inferior class meets a train of a superior class 
on a single track, the train of inferior class must take the siding and 
clear the track for the train of superior class five minutes before its 
leaving. 

A train must not leave a station to follow a passenger train until 
five minutes after the departure of such passenger train unless some 
form of block signaling is used. 
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Freight trains following each other must keep not less than five 
minutes apart unless some form of block signaling is used. 

No train must arrive at or leave a station in advance of its sched- 
uled time. 

When a passenger train is delayed at any of its usual stops more 
than — minutes, the flagman must go back with a danger signal and 
protect his train, but if it stops at any unusual point, the flagman must 
immediately go back far enough to be seen from a train moving in the. 
same direction when it is at least — feet from the rear of his own train. 

When it is necessary to protect the front of the train, the same 
precautions must be observed by the flagman. If the fireman is unable 
to leave the engine, the front brakeman must be sent in his place. 

When a freight train is detained at any of its u^sual stops more 
than — minuies, wliere the rear of the train can be plainly seen from 
a train moving in the same direction at a distance of at least — feet, 
the flagman must go back with danger signals not less than — feet, 
and as much farther as may be necessary to protect his train but if 
the rear of his train cannot be plainly seen at a distance of at least — 
feet, or if it stops at. any point which is not its usual stopping place, 
the flagman must go back not less than — feet, atid if his train should 
be detained until within ten minuies of the time of a passenger train 
moving in the same direction, he must be governed by rxde No, 99, 

Rule No. 90 provides that when a train is stopped by an accident 
or obstruction, the flagman must immediately go back with danger 
signals to slop any train inoving in the same direction. At a point — 
feet from tlie rear of his train, he must place one torpedo on the rail. He 
must then continue to go back at least — feet from the rear of his train 
and place two torpedoes on the rail ten yards apart {one rail length)^ 
when he may return to a point — feet from the rear of his train, where 
he must remain until recalled by the whistle of his engine. But if a 
passenger train is due within ten minutes, he must remain until it 
arrives. When he comes in, he will remove the torpedo nearest to the 
train but the two torpedoes must be left on Hie rail as a caution signal 
to any train following. 

When it is necessary for a freigld train on a double track to turn 
Old on to the opposite track to allow a passenger train running in tlte 
same direction to pass, and the passenger train running in the opposite 
direction is due, a flagman must be sent back with a danger signal as 
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provided in Rule Xo. 99 not less than —feet in the direction of ths 
following train atid the other train must not cross over until one of the 
passenger trains arrive, Shoidd the following passenger train arrive 
first y a flagman must he sent forward on the opposite track with danger 
signals as provided in Rule No. 99, not less than — feet in the direction 
of the overdue passenger train before crossing over. Great caution 
must be used and good judgment is required to prevent detention lo 
either passenger train. The preference slioidd id ways be given the 
passenger train of superior class. 

If a train shoxdd part while in motion, trainmen must use great 
care to prevent the detaclwd parts from coming into collision. 

Regular trahis twelve Ivours or more behind their scJiedided time 
lose all their rights. 

All messages or orders respecting tJic movement of trains or the con- 
dition of track or bridges must be in writing. 

Passenger trains must not display signals for a following train 
without an order from the Superintendent, nor freight trains without 
an order from the Yard Master. 

Great care must be exercised by tlie trainmen of a train approaching 
a station where any train is receiving or discharging passengers. 

Engine men must observe trains on tlie opposite track and if tliey 
are running too closely together, call attention to the fact. 

No person will be permitted to ride on an engine except the engine* 
man, fireman, and other designated employes in the discharge of their 
duties without a written order from the proper autJiorities. 

Accidents, detentiotis of trains, failure in the supply of water or 
fuel, or defects in tlie tracks or bridges must be promptly reported by 
telegraph to the Superintovdent. 

No train shall leave a station without a signal from its conductor. 

Cotuiuctors and engine men will be held equally responsible for 
the violation of any rides governing tlie safety of ilieir trains and they 
must take every precaution for the protection of tJceir trains even if not 
provided for by the rules. 

In case of doubt or uncertainty, no risks should be taken. 

TIME TABLES 

Time tables are the general law governing the arrival and 
leaving time of all regular trains at all stations and are issued from 
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time to time as may \ye necessary. The time given for each train 
on the time table is the scheduled time of such. trains. 

Each time table from the moment it takes effect supei-sedes the 
preceding time table and all special relations relating thereto and 
trains shall run as directed thereby, subject to the rules. All regular 
trains nmning according to the preceding time table shall, unless 
otherwise directed assume the times and rights of trains of corre- 
sponding numbei's on the hew time table. 

On the time table, not more tlian two sets of figures are shown 
for a train at any point. Wlien two times are shown, the earlier is 
the arrivmg time and the later, the leaving time. Allien one time is 
shown, it is the leaving time unless otherwise indicated. 

Regular meeting or passing points are indicated on the time 
table. 

The words "Daily," "Daily except Sunday," etc., printed at the 
head- and foot of a column in connection with a train indicate how 
it shall be run. The figures given at intermediate stations shall 
not be taken as indicating that a train will stop, unless the rules 
require it. 

Trains are designated by numbers indicated on the time table. 
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INTRODUCTION 

The development of the many accessory appliances with which 
the rolling stock of our railways is fitted, has been the subject of a 
great deal of study and investigation. Of the many appliances which 
have received careful and systematic study, the braking apparatus 
may be mentioned as one of the most important. 

The time when the question of braking first received attention 
dates back further than the time when highways became sufficiently 
well made and well maintained to permit of vehicles being drawn at a 
moderate rate of speed. When wheeled vehicles, drawn at speeds of 
10 or 15 miles per hour, first made their appearance, it was found 
necessary to provide means by which they could be easily and quickly 
stopped in case of an emergency. The first carts and wagons, built 
for agricultural purposes, were of such construction that the resist- 
ance of the earth and axle were suificient to bring them to rest in a 
reasonable length of time on ordinary roads. In cases of steep grades, 
the motion was retarded by one or both wheels being locked with 
chains, or by a stone or piece of timber being chained to the axle and 
dragged along the ground behind the vehicle. 

It is interesting to note that the (juestion of braking has steadily 
increased in importance as the demand for higher speed has increased. 
This applies equally well to all classes of vehicles, including railway 
trains, street and interurban cars, automobiles, and wagons. The 
first forms of braking apparatus adopted have formed the basis of 
almost all brake appliances which have since been employed for the 
same class of vehicles. 

Early Forms of Brake. Perhaps one of the first forms of brake 
used was that found on the early stage-coach. It consisted of an iron 
shoe which was chained to the fore part of the coach, and was used 
only on steep grades. To apply this brake, the shoe was removed 
from its hook under the carriage and placed on the ground in front 
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of the rear wheel, in such a position that the wheel would roll on it. 
As the wheel rolled on the shoe, the chain became taut, with the result 
that both the shoe and wheel slid over the surface of the ground. 

A railroad is known to have existed as early as 1630, although it 
would hardlv be called bv that name to-rlav. The construction of 
the track as well as that of the cars, was almost entirely of wood. 
Even with this crude construction, it was found necessary to provide 
a brake to control the speed of the cars on the slight grades. The 
form of brake devised to meet the conditions consisted of a wooden 
lever pinned to the frame of the car at one end, in such a manner as 
to permit of its being pressed against the tread of the wheel by hand. 
When not in use, the lever was held off the wheel by means of a 
chain. The principle employed here in resisting the motion of the 
car, is the same as that employed to-day on all railroads — ^namely, of 
applying the braking or resisting force to the periphery of the wheel. 

As railroads increased in number and their construction improved, 
braking apparatus became more and more a necessity. As a result, 
inventors brought out a number of simple braking appliances. The 
question of braking, however, did not become a verj' important or 
serious one until the advent of the steam locomotive. Previous to its 
coming, the cars were small and w^»re drawn by animals, and the 
speeds were low; but with the steam locomotive in existence, an 
efficient brake became an absolute necessity. 

This problem received the close attention of inventors and investi- 
gators; and at the close of 1870, the automaticy electromagnetic^ steam, 
vacuum^ and air brakes were found in use on the railroads in the 
United States. These types of brakes differed chiefly in the manner 
in which the braking power was obtained. Other devices were 
invented, but could not stand the test of actual practice and did not 
come into prominence. 

It might he interesting to -note briefly one or two rather 
unique types of brakes not included in any class yet mentioned. The 
Cramer Brake, brought out in 1853, might be mentioned as one of 
these. Its principal feature consisted of a spiral spring which was 
connected to the brake-staff at the end of each car. This spring was 
wound up by the brakeman before leaving the station. The brake 
apparatus on each car was imder the control of the engineer, through 
the medium of a cord. This cord was connected to the mechan- 
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ism of each brake, and passed through the cars, terminating 
in the cab on the engine. The engineer, desiring to stop his train, 
would shut off the steam and give the cord a pull, which action resulted 
in releasing the coil springs on the various cars, and applied the 
brakes by winding up the brake-chains. 

The Loughridge Chain Brake is another uni(|ue brake, which 
was intnxluced in 1855. The loughridge brake consisted of a com- 
bination of rods and chains which extended from a winding drum 
under the engine, throughout the entire length of the train. This 
continuous chain joined other chains under each car, which in turn were 
connected to the brake-levers. The winding drum located under 
the engine was connected by a worm gear to a small friction wheel. 
In operating the brake, a lever in the cab was thrown, which brought 
the small friction wheel in contact with the periphery of one of the 
driving wheels, thereby causing the drum to n)tate and wind up the 
chain. The movement of the chain, which was experienced through- 
out the entin* length of the train, served to actuate levers and rods 
under each car, which in turn applied the brake-shoes to the treads 
of the wheels. 

The early types of hand-brakes underwent many improvements 
as years went on and as experience demanded. Although during 
many years of early railroading, the braking on all trains was done 
by hand, nevertheless there was a constant desire and demand for 
a practical automatic brake. The rather crude and inefficient types 
of brakes already referred to were obtained only after a great many 
failures. Since about 1870, all forms of brakes have differed chiefly 
in but one respect — namely, in the appliances which are used in 
operating the foundation brake-gear. The foundation brake-gear 
is ma<le up of the rods, levers, pins, and l)eams, located under the 
frame of the car, the opiTution of which Caust*s the brake-shoes to be 
pressed against the periphery or tread of the wheel. The present 
scheme of applying the* brake-shoe to the periphery of the car wheel 
— ^which was in use long before the first locomotive made its appear- 
ance — later experience has proven to be the most practical. 

Many forms of brakes were devised prior to the year 1840; but, 
at that time, few locomotives were equipped with braking apparatus. 
About this period, however, when the locomotive tender began to 
take on some definite form, we find the tender fitted with braking 
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appliances. Previously, when brakes were provided, they were 
usually found fitted to the curs only. It is only within the last thirty- 
five years that locomotives have been built with bnikes fitted to the 
drivers. Tonlav it is not uncommon to find all wheels on both the 
locomotive and the tender ecjuipped with braking apparatus. 

In 1S09, the first Westinghouse air-brake made its apjx^arance. 
This brake is now referred to as the Straight Air-Brake. It was not 
an automatic brake. It consisted chiefly of a steam-driven air- 

«r 

compressor and storage reservoir located on the engine; a pipe line 
extending from this reser\'oir throughout the length of the train; 
a bndvc-cvlinder on each car; and a valve located in the cab 
for contn)lling the brake mechanism. The train line was connected 
between cars by means of flexible rubber hose with suitable couplings. 
Each car was fitted with a simple cast-in)n brake-cylinder and piston, 
located underneath the fmme, the piston-rod of which connected 
with the brake-rigging in such a manner that when air was admitted 
into the cylinder, the piston was pushed outwar<l and the brake 
thereby applied. In operating the brake, air was admitted into the 
train line from the storage reser\'oir by means of a three-way cock 
located in the cab. The air was conducted to the brake-cylinder 
under the various cars by means of the train-pipe. The release of the 
brakes was accomplished by discharging the air in the various brake- 
cylinders and the train-pipe, into the atmosphere, through the three- 
way cock in the cab. This was the simplest and most efficient brake 
invented up to the time of its appearance, and was adopted by many 
railroad companies in this countr}^ 

The Straight Air-Brake system, however, possessed three very 
objectionable features: First, in case of a break-in-two, or of a hose 
bursting, the brake at once became inoperative; second, it was very 
slow to respond in applying and releasing the brakes; and, third, the 
brakes on cars nearest the engine were applied first, causing jamming 
and surging of the cars, which sometimes proved destructive to the 
ecjuipment. In order to overcome these undesirable qualities, Mr. 
George Westinghouse invented the Westinghouse Automatic Air- 
Brake in 1872. This form of brake, which has since gone out of 
service on steam railroads, was known as the Plairi Automatic Air- 
Brake. This brake retained the principal features of the Straight 
Air-Brake; but, in addition, each car was provided with an air- 
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resen'oir, which supplied air for operating its particular brake- 
cylinder. The charging with air of this auxiliary reservoir, the ad- 
mitting of this air into the brake-cylinder, and the discharge of the air 
from the brake-cylinder to the atmosphere, were accomplished by an 
ingenious device known as the triple valve, A detailed description of 
this valve will be given later. 

In this same year (1872), the Vacuum Brake was invented; but, 
on account of its many undesirable features, it never gained very great 
prominence in this country. This brake was spoken of as the Plain 
Vacuum Brake, and was followed later by the Automatic Vacuum 
Brake. The principal parts of the air-brake were, in general, em- 
bodied in the Vacuum brak^. One marked difference existed, 
however, in that, instead of an air-compressor, an ejector was installed 
on the locomotive, which exhausted the air from the train-pipe when 
the system was in operation. 

At the close of the year 1885, there could be found in use on the 
railroads of the United States a number of different types of brakes. 
These could be grouped into two general classes — Continuous or Air 
brakes, and Independent or Buffer brakes. In the Buffer brake, the 
brake-shoes were actuated by rods and levers, which in turn received 
their motion from the movement of the draw-bar. It is easily seen 
that, with such a variety of different forms of braking apparatus, it 
would be impossible to control a train properly if it were made up 
of cars from different railroads having different brake systems. 

Interchangeable Brake System, The one agency which has had 
an important part in placing the braking appliances of our railroads on 
the present high standard of perfection, is the Master Car-Builders' 
Association. This Association, realizing the increasing demand for 
the interchange of cars, saw the need of interchangeable brake 
systems. It was principally through the research of their committees 
that the brake systems of to-day are interchangeable and efficient. 

The first experiment conducted by the committee in 1886 clearly 
showed that any further attempt to use the Independent or Buffer 
brake was not desirable, on account of the severe shocks resulting 
when stopping the train. The effect of the report of the committee 
was the withdrawal of this type of brake from the attention of the 
railroad officials. This left almost the entire field open to the Con- 
tinuous or Air brake system. The committee continued its work 
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the following year, and, from the results of a large number of tests, 
reported that the best type of brake for long freight trains was one 
operated by air, in which the valves were actuated by electricity. 
This type of brake stopped the train in the shortest possible distance, 
reduc(Hl all attending shocks to a minimum, was released instan- 
taneously, and could be applied gnidually. Although the results of 
tests pointed to the superiority of the air-brake in which the valves 
were operated by electricity, yet to-day we find no such systems in 
general use. 

From the time of these* tests, the different brake companies 
turned their attention to the style of brake represented by the West- 
inghouse Automatic Air-Brake system. In this system, the most 
important parts are the triple valve, located on the brake-cylinder of 
each car, and the controlling or engineer's brake-^alue located in the 
cab. By the year 1893, a number of triple valves and engineer's 
brake-valves had been placed on the market, and representative ones 
were exhibited at the Columbian Exposition in Chicago in that year. 

The committee of the Master (^ar-Builders' Asstx'iation, being 
conscious of the fact that the actions of the valves made by the different 
companies were so widely different, proposed a series of tests of triple 
valves, and asked the different companies to submit valves for the 
said tests. The object of the proposed tCvSts was to obtain data from 
which could be formulated a code of tests for triple valves which 
w^ould be satisfactory to all parties concerned. The ultimate aim 
of the committee was to secure triple valves which would operate 
with the same ultimate effect when subjected to identical conditions, 
and which would operate successfully when intermingled with each 
other in a train. 

Such tests were conducted on a specially constructed air-brake 
testing track in the year 1894. Five companies responded with valves 
for the series of tests, of which the valves representing the Westing- 
house and New York companies gave the best results. From the 
results obtained, the committee prepared a code of tests for triple 
valves, which code was soon after adopted by the Association as 
standard. As a result of this action, makers of air-brake apparatus 
endeavored to produce triple valves which would give results as speci- 
fied in the code. This naturally led to interchangeable air-brake 
systems — one of the objects the committee hoped to attain. Many 
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triple-valve tests have since lieen made, and the code has been changed 
from time to time to meet new conditions which have developed. 

To-day there are mainly two air-brake systems in general use 
on steam railroads in this country, namely — the Westinghonse system 
and the New York system. 

ft 

WESTINOHOUSE AIR-BRAKE SYSTEM 

The principle on which the Westinghonse Air-Brake system 
operates, is, that if, after the system is chargtHJ with comprt\ssed air. 
a nnluction is made in the brake-pi jk» i)n\ssuro, the brake will 1k' 
applied; and in order to release the brake, the l)nike-pijx* pressure 
must be restored. It follows that if any accident occurs to the brakinp 
apparatus which rtnluces the pressure in the brake-pipe — such as tht 
train parting or hose bursting — the brakes will at once be applied. 
In this respect, the Westinghonse Air-Brake system is automatic. 
The system is composed of the following principal parts : 

1. The Meam-driren air-pump located on the engine, which furni.shcp 
compressed air for the whole system. 

2. The main reservoir^ which is located some place about the engine or 
tender, and in which compressed air is stored at a pressure of 90 pounds. 

3. The engineer's brake-vahe, which is located in the cab, by moans of 
which the flow of air from the main reservoir to the brake-pipe and from the 
brake-pijx* to the atmosphere is regulated. 

4. The air- pressure gauge f which is located in plain view of the engineer, 
and which contains two pointers, one red and one black. The black ham^ 
indicates the brake-pipe pressure; and the red hand, the main reservoir pressure. 

5. The pumjy-govertwr, which regulates the flow of steam to the pump, 
shiitting off the steam when the maximum pressure carried in the main reser- 
voir is reached. 

0. The hrake-pijye which consists of a pipe under each car Avith flexible 
hose connection between cars, connecting all the triple valves with the engineer's 
brake-valve. This pijx* has been, an<l is sometimes still, referred to as the train 
line; but as there arc other train lines, such as the signal and steam lines, it has 
of late been referred to as the brake-piix\ 

7. The auxiliary reseri'oir on each car, in which air is stored for use in 
applying the brake. 

S. The Inrake-ryU ruler on each car, which contains a piston and ro<l. 
When air is admitted behind the piston, it causes it to move outward, and, by 
means of suitable connection to the foundation gear, applies the brake. 

9. The triple I'alre^ located under each car, the ojx^ration of which admits 
air from the brake-cylinder to the atmosphere, and recharges the auxiliary 
reservoir. 

10. The pressure-retaining valve ^ which, when closed, will retain a pres- 
sure of 15 pounds in the brake-cylinder and thus prevent a complete release. 
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The general arrangement of the Westinghouse air-brake system 
is sho\\Ti in Fig. 1, (a, b, and c). This diagrammatically illustrates the 
arrangement and gives the names of the parts as found upon the loco- 
motive, tender, and first car of a passcng(»r train. 

Operation of the Westinghouse Air-Brake. When the brakes 
are in operating condition, the pump-governor is set to maintain a 
pressure of 00 pounds in the main reservoir. This pressure is reduced 
by a valve attache<l to the engineer's brake-valve, which keeps the 
brake-pipe pressure* at 70 pounds, when the engineer's brake-valve 
is in running position. The operation of the brake is controlled by 
the engineer's brake-valve, which has five fixed positions for its 
handle. These positions named in order, beginning from the left, 
are: Release, running , Zap, service , and emergency. 

When the engineer's brake-valve is in rimniiuj jx)sition, a pressure 
of 70 pounds is maintained in the brake-pipe by means of the feed- 
valve. The brakes will release when the valve is in this position, but 
they will do so very slowly. 

To make a service application of the brakes, the handle of the 
enginiH»r's valve is pLaced in ser\'ice position. In this position, the 
connection Ix^tween the main resen'oir and the brake-pipe, through 
the feed-valve, is closed. Air from the brake-pipe is allowed to escap* 
to tlie atmosphere through ports in the valve. The bmke-valve is left 
in this position only for a short time, when it is placeil in lap position. 

In the Zap position, all working parts are closed and the brakes 
are held applied. 

^^^len it is desired to release the brake after either a service or an 
(emergency application, the handle of the engineer's valve is placed in 
release position. In this position, direct connection is made l>etween 
the main reser\'oir and the brake-pipe. 

WTien it is necessary to make an emergency application, the handle 
of the engin(H»r's brake-valve is placed in emergency jx>sition, and 
direct connection is made l^etween the brake-pipe and the atmos- 
phere. This causes a sudden reduction of pressure in the brake-pipe, 
and gives a higher pressure in the brake-cylinder than is obtained 
in service applications. 

Westinghouse Nine and One-Half Inch Air-Pump. Tlu^ nine and 
one-half-inch pump is shown in Figs. 2, 3, and 1. The pump con- 
sists of two cylinders. The lower (1) is the air-cylinder, and the 
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upper (2) is the sfoum pvlinder. TIic pistons of these rvlimlers are 
<(iiiiu'ctc<l l)v till' hi)Ilow rod (.1). T!ip air end is very simple, trw nir 
!«'inH drawn in at thr valves (4), and di.i<rlmrgrd under pressure at 
the valves ('»). The steam end is somewhat coraphcateti in structure, 
but verj' simple in principle. The valve 
gear consists of two pistons (0) and 
(7), of uncfjual diameters, connected 
by tlie riKl (8), This rod fpvos motion 
to a common D slide-valve (0) which 
admits .steam alxive and l)elow the main 
piston (10). The motion of the piston 
((i) and f7) is obtainetl by the slide- 
vidve (11), Fig. 2, admitting and ex- 
hausting steam at the right of the piston 
(()). Steam enters the valve chamber 
li through the passage A. With the 
part.s in the position shown in Figs. 2 
an<l 4, steam fmm the chaml)er li 
pas.ses down through the open port C 
Ih-Iow the piston (10), causing it to rise. 
The steam above the piston (10) [Kissea 
out through the port D into the chaml>er 
E in the .slide valve (9) through the ex- 
haust port F to the atmosphere. The 
pi.ston (10) continues to rise until the 
plate (12) strikes the upper shoulder on 
the rod (13) which raises the slide-valve 
(11), This allows the steam to fass 
from the chamber B through the [xirt 
U around the slide valve (11) through 
the jxirt into the chamlwr /. In this 
]H)sition, the .same [»res.sure acts on Iwth 
FfR.a. we.iiu«h...,st.Bs-in.i.Air. ^ides of the piston (fi). Since the 
i*iiiii]i Kn.i swtiDii. chaml)er J is always in communiai- 

tion with the exhaust passages through the port K, the pressure on the 
piston (7) is unhalanceil. This causes all parts to move to the left. 
This movement opens the port D, permitting steam to force the piston 
(10) downward. At the same time, the port C is put in connection 
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with the exhaust port F through the cavity E in the shde- valve (9). 
The piston (10) continues to fall until the plate (12) strikes the button 
on the lower end of the rod (13), drawing the valve (11) downward to 
the position shown in Fig, 2. This closes the port G, and connects 
the chamber / through the port jL, the cavity A^, and the port J/, with 
the main exhaust F. This releases the pressure on the right of the 
piston (6). The pressure on the piston (6) now being greater than 
on the piston (7) will cause both to move to the right, thus completing 
the cvcle. 

Eight and One-Half Inch Cross-Compound. This, pump is 
coming into use a& a rcsult of the growing demand for more air on 
long freight trains. Its capacity 

is about three and one-half times '^ " 

that of the 9^i-inch pump 
described. As illustrated 
this pump is of the duplex type, 
having two steam and two air cylin- 
ders arranged with the steam cylin- 
ders above and the air cvHnders 
l)elow. The high-pressure steam 
cylinder is 8 J inches in diameter; 
and the low-pressure, \\\ inches in diameter, both having a 12-incli 
stroke. The low-pressure air cylinder is 14 J inches in diameter, and is 
located under the high-pressure steam cylinder. The high-pressure 
air cylinder is under the low-pressure steam cylinder, and is 9 inches 
in diameter. The valve gear is located on the top head of the high- 
pressure steam cylinder, and is very similar to that of the 9V-incli 
pump already described. Figs. and 7 show diagrammatically a 
cross-section through the pump. Fig. is a diagram of the parts dur- 
ing an up-stroke of the high-pressure steam side, and Fig. 7 shows 
the down-stroke of the high-pressure steam side. The high-pressure 
steam piston is shown on the right, and the low-pressure on the left. 
The high-pressure stt*am piston, with its hollow rod, contains the 
reversing-valve rod, and operates the reversing valve in the same 
manner as that of the 9i-inch pump. This valve operates the main 
valve in the same manner as that describtnl in the case of tlie 9l-in('h 

% 

pump. The main slide-valve controls the steam admission to, and 
the exhaust from, both the high- and low-prt\ssure steam cylinders. 
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Pig. 3. Main Valve Bushing of Westing- 
house 93^-Iuch Air-Pump. 
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Mil VI', wlii/'li y»'V4' Ut ifiaki' the oiiiiec.'tion between the high- and low- 
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shown in Figs. 6 and 7, lea<l to the upper and lower ends of the high- 
)>rvssiire steam cylinder. The first and third from tlie left lead to the 
upper and lower ends of the low-pn'ssure steam cylinder; and the 
second, to the exhaust. By following the arrows in Figs. 6 and 7, 
the flow of air and steam through the pnmp can easily be traced. 

The principle of compounding employed in this pump enables 
it to compress air much more economically than is possible with the 
simple pump. 

Main Reservoir. The use of the majn resenoir is fur storing 
an abundant air-.supply to l)e used in charging an<l releasing the 
brakes. A lai^- reservoir is of gri'at imi>ortance, especially in freight 
service, since it provides air fur 
an inimwiiate recharging of the 
anxiliar*' resenoirs without nni- 
iiiiig the pump intermittently iit 
high rules of S|X'e<l. The iimin 
n-scnoir should have a cn|)aeily 
of nut less than 24,(KK) cubic 
inches on j)assciiger engines, and 
not less Ihiiii ■1(),(K)0 cubic iiieiies 
on freight engines. The main 
reservoir is usually ItK^twl some- 
where on the engine; but siim<'- 
timcs it is placed on the tender, 
though the latter location necessi- 
tates two extra pijx- connections 
between the engine and the tender, 
which is not gixxl practice. A 
good practice is to divide the main 
rese^^■oi^, and place half on each 

side under the running-lMmnl. ng.B, wwunshousp Bw-inch cross- 
1 be air is then dclivcR-d to 

one side and taken out of the other, the two reservoirs ln-ing ciinni'cted. 
This system has two deciditl advantages over others, one being that 
the air is coole<l, thus causing tlie moisture to l)c collected in the 
n.'.servuir. 'J'he oilier advaiitugi^ is, that the distance l)etwii'ii the 
inflow and out-take pn-venls nuich of the dirt and oil fniui U-iiig 
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carried into the brake-pipe. The main reservoir should always be 
drained after each run. 

Air-Plimp Oovernor, 'I'hc purposi' of the governor is to cut of! 
tile steam supply to the pump when tlie desired main-reservoir pres- 
sure has Iwen reached. Fig. 8 is a section through the governor. 
When the pump is in operation, steam enters the governor at B, passes 
the valve (2), and enters the pump through the pipe C. An air eon- 
jieetion is made at A with the main reservoir. Main-reservoir air thus 
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enters the chamlter D; and n.s soon xs thi.s pre.ssure on diaphragm (1) 
is sufficient to overeonic the tension of tlie spring (3), Ijie diaphragm 
(1) will Ije raised and will un.seat pin valve (4). Air will then flow 
down into the chamber E, forcing the piston (.')) downward, thus 
si-aling tlie valve (2) and alnittiiig off the steam from the pump. When 
the air-pressure falls lielow that carrietl in the main resen'oir, the 
spring (.'i) will force the diaphragm (1) down, and will seat the pin 
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vftlvr (4). The nir in the ohnmlicr E will now csciipc to the atmos- 
phere through the small relief ])ort F, ami the sprinp {(i) will open 
the valve (2), again admitting steam to the pump. 

Vt\\\\e the pin valve is unseated, there is a small escape of air to 
the atmosphere through the port F. This leakage, together with a 
leakage of steam through a small port in the valve (2), sen'es to keep 
the pump slowly operating and thus avoids trouhle from condensation 
in the steam pipe. 



Flu. T. Seciinn nf PMiX'h Crns-i Corapniimi Pump, I>o\ni- 
siivilto, ini!Ji-1'ri^^~iirBSi..i,inSia.'. 

Westinghouse Engineer's Brake-Valve. The cnnstniction of 
the engineer's brakc-vulvc is iUnstrated in Figs. 0, 10, and 11. Fig. 
!) is a section through the ImmIj', with the nitary \fdve removed, and 
shows the different positions of the handle. Figs. 10 and II are 
vertical sections of the entire valve taken at right angles to each other. 
The description of the operation of the valve is given in the order in 
which it is generally used when braking a train. 



IS TIIK AIIMUtAK'l': 

Running Position. The v.ilvc is slioim in running position in 
Fig. 10. Main-rc.wn'oir air from tlie chamber A flows through the port 
B in the rotary vahc (1) info the passafje C, which conducts it to the 
fec<l-valvc. (The ciiiirsi- of tlie air thnugh the fwl-valve nill Ik- 
(U'.scTilu'd later.) From (he feed-valve, die air is conducte^l hy the 



piissage.s D and f," to (he eiiamlicr F. and from here Id t)ii' hmke-pip*'. 
The cavity (• in (lie rotary' valve (1) eonncels the [Hi.s.sjige /' with the 
port H, [x-rmitting air at hrake-pifie pressnn^ to enter the ehamlier 
I and flow through the pas.sage ./ into the o(|unlizing resen'oir. 
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Brake-pipe pressure now exists on both sides of tlie ecjualizing piston 
(2). Air continues to flow into the brake-pipt* and e<iualizing reser- 
voir until the pressure reaches 70 pounds. At this pressurt*, the feed- 
valve closes the passage leading from the main reservoir. In this 
position, tlie brake-pipe, is kept charged to 70 j)ounds' pressure; 
iK) pounds' pressure is maintained in the main reservoir; and the entire 
system is ready for an application. 

SiTvice Poaifion, When it is desirc^l to rt*duce the speed of a 
train or to stop at a station, the liandle of the engineer's brake-valve 
is place<l in service ]K)sition until the brake-pipe re<luction causes 
enough air to enter the brake-<'ylinders to pnwhice the desired result. 
^Alien the bRike-pip<* reduction is sufficient, the handle of the valve 
is placed in lap position as descril)efl below. In service j)osition 
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Fip. 9. Stvtion through Engineers Hrake- Valve. Kotary Valve 
Kemovetl, and Different Positions of Handle Shown. 

a groove in the rotary valve (1) connects the port A' with the groove 
L, both of which are in tlie valve-seat. This jK»rmits air from th(! 
chamber / and the e(jualizing reservoir to discharge through the 
passage M to the atmosphere, thus reducing the pressure on the top 
side of the equalizing piston (2). Brake-pipe pressure, being greater 
than the pressure on the top side of the equalizing piston (2), forces 
it upward, opening the attached discharge valve, and permitting air 
to flow from the brake-pipe through the port N and the passage O to 
the atmosphere. \Mien the pressure in the equalizing reservoir is 
reduced the desiral amount, the handle of the engineer's brake-valve 
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is moved to lap position. Air coiitiiiiies to dischurge through the 
abovo-uieiitionai i»ussii(5i's until tlie prossun; in tlie brake-pipe has 
rwluoiii siitjhtly below tliut in the equalizing reser\-oir and chamber I; 
then llie greater pn'ssim- acting on the top of the piston (2) cauaes it 
autiiniatic'iillv to closi> the disehai^ valve. 'When the piston (2) 
cloiseH die distliarge vahe, the pnssure in the brakc-pijK' and equaliz- 
ing resonoir is abiint the ^nm: 

The ctjualizing reservoir ia 10 inches in diaiueter and 12 inches 



Fig. 10, Euglneer's Brake- Vulrc In Running Position. 

long. Its purpose i.s to increase the volume of air so that the pressure 
in the chamber 7 will not drt)p too rapidly when the handle is placed 
in service position. If a reduction of pressure be made in the equaliz- 
ing i\'.ser\-i)ir, and the hiindle placed in lap position, air will exhaust 
from the brake-pipe until its pressure is the same as that in the 
ctjualizing reservoir. 

Lap Positlfm. This position is the one in which the valve handle 
is pl!ie»-<l lifter a light reduction has l>".vn iimile in the brake-pijie, 
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It reinains in this position, holding the brake appheil until a further 
brake-pipe reduction is desired or until the brake is released. In this 
position, all ports are operatively closed. No air can enter the brake- 
pipe from the main reaervoir, and no air from the brake-pipe can 
cscapeto the atmosphere. 

Einrrgmey PosUion. In case of an emergency, the handle of 
the brake-valve is moved to the extreme right. In this position, 
direct-application-and -exhaust port .1/ is connected with direct-appli- 
cation-and -supply port E by the cavity in the rotaiy valve (1). 
Tliis establishes direct commimication between the brake-pipe and 
the atmosphen;, and a sudden reduction of pressure occurs in the 



Flu. 11. BuglaeiT'-i Drake'VnlT'i in Itelense Positloii. 

brake-pipe. This causes all l)rakes to apply very quickly with full 
braking pressure. 

Release Position. The parts of the valve are shown in release 
position in Fig. 11. The purpose of this position is to provide large 
ports through which air can flow from the main reservoir to the brake- 
pipe and <|uickly recharge the system and release the brakes. Air 
from the main reservoir Hows from the chamlier .1, through the port 
P, the cavities Q and 0, into the passage E and to the brake-pipe. 
The ports H and K both conduct air to the chamber /, and the 
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equalizing reservoir is charged through the passage J to the same 
pressure as exists in the brake-pipe. 

The brake-valve handle should not remain in this position too 
long, as there is danger of overcharging th'e brake-pipe and the auxiliary 
reservoirs. The wanting port R in the rotarj' valve (1) ptTmits a 
small amount of air to escape from the cliainher .1 to the exhaust 

passage M, making a noise 
which notifies the engineer 
that the brake-valve is still 
in release position. 

Slide- Valve Feed- Valve. 
The purpose* of the feed- 
valve is to maintain a pre- 
determined pressure in the 
brake-pipe while the engi- 
neer's valve is in running 
position. Figs. 12 an<l 13 
illustrate the slide-valve 
feed-valve. Fig. 12 is a 
central section through the 
s u p p 1 y-v a 1 V e case and 
governing device. Fig. 13 
is a transverse section 
through the supply-valve 
c*ase, and a central section 
through the regidating valve 
jind spring-lK)x. The jx)rts 
A and B register with the 
]X)rts in the l)rake-valve. 
The port A is in communi- 
cation through the engineer's 
valve with the main reser\^oir, when the engineer's valve is in nmning 
position. Air enters the feed-valve at .1, and has at all times free com- 
munication with the chamber CL The chamlx^r C is separated from the 
chamber/) by the supply piston (1). Connection is made between the 
chamber D and the brake-pipe through the passage E, the regulating 
valve (2), the chamber F, and the port B. The regulating valve (2) is 
normally held open by the tension of the spring (3) upon the diaphragm 




Fig. 12. Central Section through Supply- Valve 

Cusv. and Governing Device of Sliclc- 

Valve Peed- Valve. 
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(4). When the valve (2) is open, the chamber Z) has brake-pipe pressure 
acting upon it as described above. When the handle of the engineer's 
brake-valve is placed in running position, main-resenoir air enters 
the chamber C and forces the piston (1) to the ri^t, as shown In Fig. 
12. This draws the slide valve {')) to the right, uncovers the port G, 
and direct connection is maiio iH^twci'n the main rescnoir and the 
brake-piiw through the chamber C, t!ic port (1, and the passage ii. 



Flf(. IS. TmngverBf Section tbrouKh Supply- Valve Case, and 

('I'liiral Seotloii chroUKh RiwulacluK VaXrv nnd S]>rlii(.'- 

nox or Sllde-Valvr Foeif-Vjili.-. 

Air now flowing from the main reser\'oir will raise the brake-pipe 
pressure until the pressure in the chamber F is sufficient to overcome 
the tension of the regulating spring (3). This retjuires 70 pounds 
in the ordinary etiuipnietit. The spring (0) will now seat the regulat- 
ing valve (2), and cut off communication between the brake-pipe 
and the chamber D. The pressure in the chambers C and D will then 
equalize through leakage past the piston (1), when the spring (7) 
will move the piston (1) and the slide-valve (5) to the left, closing the 



TIIK Ain-imAKE 



Fig. U, Qulfk AftloH Triple \'alve, Relcasi' Position 



FlK' 1!>- QuIclt'Actloii Triple Valve. Service AppllcaUon. 
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port G and shutting off conniiunication lK?twi'en the main rcsenoir 
and the brake-pipe. A sul>stK[iient n-duction of bruko-pipe pressure 
will cause the regulating spring (3) to unseat the vah'e (2), and the 
accumulated pressure in the chamber D will discliargc to the brake- 
pipe. The pressure in the chamber C K'ing greater than that in the 
cliumber D, the piston {1} will mu\c to the right and uncover port 
G, allowing the brake-pipe to be rechurgiil. 

Quick-Action Triple Valve. The (]uiek-action triple valve is 
shown in its four positions by Figs. 14, 1."), 1(1, and 17. The principal 
parts are numbered us follows: (1) Slide valve, (2) main piston, 



FlR. IB. Quick-AcUoD Triple Valvn, Lap Position. 

(3) graduating valve, (4) graduating stem, (o) graduating spring, 
(6) emei^ency piston, (7) emergency valve, an<l (S) check-valve. 

Charging or Release. Fig. 14 shows the position of the triple 
valve when the au.\iliar)' rcsen^iv is iH'ing charged and the brake 
is being released. Air enters the triple valve at the point marked 
"To Brake-Pipe," and follows the passage -I through the port B into 
the chamber C, through the feed-groove D, over the slide-valve (l), 
to the auxiliary resen-oir. This Bow of air will continue until the 
pressure in the auxiliary resenoir is er{ual to the pn-ssure in the brake- 
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pipi'. This presstire is 70 pounds in tlie ordinary e({iiipmci)t. At 
tin* same timt', air from tlie brake-cylindur enters the triple valve at 
tin- iwint marked "To Brake-Cyl'd," and passes through the port 
K, through the cavity F in the slide-valve (1) (see Fig. 18), and into 
the exhaust |>()rt G to the atmosphere. 

Sfrvicc Posilion. Fig, 15 shows the position of the triple valve 
during a ser\'icc application, A reiliiction of alxtut 5 pounds in the 
brake-pipe reduces the pn-ssurc in the chaml>er C, and causes the 
piston (2) to move to the left until it strikes the graduating stem (4). 
This closes the feed-groove D and opens the graduating valve (3). 



Fig. 17. Qalck-AcUnn Triple Viilvi>, KnitTKi'iicy Appllc:iIloQ. 

Auxiliary-rcscrvdir air now flows into tiie brake-cylinder through the 
port 11, passing the graduating valve Qi) iiitci the port /, which 
registers with the port E. 

Lap Position. As .soon as the pressure on the aiixiliarj'-rcservoir 
side of the piston (2) has fallen below the brake-pipe pressure, the 
piston (2) will move to the right and seat the graduating valve (3). 
This is known as lap position, and is shown in Fig. ]6. The flow of 
air from the auxiliary rrsenoir to the brake-cylinder now ceases. 
Since the difference in pressure on tlie two sides of the piston (2) is 
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not sufficient to" overcome the frictional resistance of the slide-valve 
(1), all ports remain in the position shown until another reduction 
in the brake-pipe is made or until the brake is released. A service 
reduction of 25 pounds in the brake-pipe will equalize the pressure In 
the auxiliary reservoir and brake-cylinder at about 50 pounds, this 
l)eing the maximum pressure obtainable in a service application. 

Eiriergencij Applicatmn, A sudden reduction of air in the brake- 
pipe will cause the piston (2) to move to the left with such force that 
its impingement against the gnwhiating stem (4) will compress the 
graduating spring (5), as shown in Fig. 17. In this position of the 
parts, a diagonal slot J in the slide valve (1), Fig. IS, registers with the 
port K, which opens into the chamber L above the emergency piston 
(G). This permits auxiliary-reser- 
voir air to act on the piston (6), 
forcing it down, unseating the 
emergency valve (7), and allowing 
the air-pressure in the cavity M 
to enter the brake-cylinder. Brake- 
pipe pressure then lifts the check- 
valve (S), and air rushes into the 
brake-cylinder. At the same time, 
the auxiliary-reservoir air has a 
direct passage into the brake-cylin- 
der through the port N, which 
registers with the port E. As the opening through the check-valve 
(S) and the emergency valve (7) is comparatively large, the brake-pipe 
discharges into the brake-cylinder very rapidly. This causes a (juick 
reduction of pressure in the brake-pip(» and alfccts the next trii)le in 
the train, causing it to act in the manner just described. Each triplt* 
valve in its turn is affected by the sudden drop in brake-pipe pr(\ssure, 
so that a full (»merg(mcy application in a 5()-car train (»an Im* made in 
about three s(H'onds. The release fn)m an emergency aj)plication is 
made in the same way as the rc»lease fn)m a service a[)plication. In 
an emergency application, the ])ressure in the brake-cyliiuler rises to 
about 00 jK)unds, l)eing about 10 pounds higher than tlmt obtained 
in a full service application. 

Plain Triple Valve. Fig. 19 shows a section of the plain triple 
valve. This valve is like the quick-action triple valve, except that 
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Pig. 18. Slide. Valv6 and Seat of Quick- 
Action Triple Valve. 



101 



THE AIU-HRAKE 



the slide-valve (3) and the axis of the main piston (2) are vertical 
instead of horizontal, and the emergency valve mechanism is omitted. 
In a sen-ice application, the operation of the plain triple is exactly the 
same as that of the quick^action triple valve, as already described. 



Fig. le. Section of Plain Triple ValT«. 

\\'hen a su<l(lcn reduction of air is made in the brake-pipe, the piston 
(2) strikes the gnuUiating stem (4), compresses the spring (5), and 
moves to its extreme lower position. The upper edge of the slide- 
valve (1) is now l)elo»- the lower edge of the port E, and a direct com- 
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munication between the auxiliary resen-oir and the brake-cylinder is 
made. Thia will cause a quick application of the brake; but the 
final pressure in the brakeH:yliader is no greater than if a full service 
application were made. 

The plain triple valve is used largely on the tender and locomotive 
equipment, but is gradually being replaced by the quick-action triple. 

Combined Freight-Car Cylinder, Reservoir, and Triple Valve. 
Fig. 20 shows the combinwl freight-car cylinder and reservoir, which 
is the usual form of equipment employed on freight-cars. Referring 
to Fig. 20, (1) is the quick-action triple valve; (2) is the auxiliary 
reservoir, which is simply a hollow cast-iron shell for the purpose of 
storing air for use in the brake-cylinder upon the same car; (3) is a 
release valve usually placed above the auxiliary reservoir for the pur- 
pose of releasing the brake in case of necessity; (4) is a pipe connecting 



Pig. to. Combined Prclghl-Car CyUndor. RpsittoIf, and Trlplo Valve. 
the triple valve with the brake-cylinder; (5) is the brake-cylinder; 
(6) is the piston; (7) is the packing leather, which is pressed against 
the cylinder to prevent air from leaking past the piston; (8) is the 
follower plate that holds the leather to the piston; (9) is the spring 
expander, which presses the leather out against the cylinder wall; 
and (10) is a release spring which brings the piston back to the position 
shown after the air is exhausted from the cylinder. A rod extends 
from the valve (3) to either side of the car. If either rod is pulled, 
the pressure in the auxiliary reser\'oir will be exhausted and thus will 
release the brake. There is a small groove called the leakage groove, 
shown by dotted lines at .1. This groove permits any small leaks 
of air which may enter the cylinder, to pass arounil the piston (6), 
and thus prevents its being moved outward anil setting the brake. 

The movement of the piston ((i) should be such that the pressure 
in the auxiliary reservoir and brake-cylinder will equalize at 50 pounds 
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in a full service application. To secure this pressure, the stroke of 
the piston must be about 8 inches. If the brake is applied when the 
car is not in motion, the stroke of the piston is called the standing 
travel; when in motion, it is called the running travel. Because of 
the slack in loose fitting parts, shoes pulling down on the wheels, etc., 
the running travel is about 1 i inches greater than the standing travel. 
For this reason, the brake rigging must be adjusted to give a piston 




Fig. 21. Section of Pressure-Retaining Valve. 

travel of about GJ inches when the car is not in motion. The brake- 
cylinder commonly used in freight-car equipment is 8 inches in 
diameter. Wlien a larger cylinder is used, the auxiliary reservoir 
must be increased proportionally. 

Pressure-Retaining Valve. Fig. 21 shows a section through this 
valve. A pijK* is conncct(xl at A which comes from the exhaust |K)r1 
of the triple valve. When the valve handle (1) is down, the exhaust 
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from the triple valve enters at A, passes the valve (2), and out at the 
port B. If the handle (I) is turned horizontally, as shown in Fig, 21, 
the air from the triple valve flows around the valve (2), lifting the 
weighted valve (3), and passes to the atmosphere through the port C. A 
pressure of over 15 pounds 

will raise the weighte<l valve 
{3). 'When the brake-cylin- 
der pressure has l>ccome 
re<luced to 15 pounds, the 

weighted-valve (3) seats,and 

the remaining 15 pounds 

pressure is retained in the 

brake-cylinder until the han- 
dle (I) is turned down. 

Pressure-retaining valves are 

use<] mostly on freight-cars; 

but some roads that have 

long, heavy grades use them 

on passenger cars also. 

These valves should be so 

located that they can be 

reached while the train is in 

motion. The usual location 

on freight-cars is at the end 

of the car, just under the 

foot-board. 

High-Speed Brake. It 

has been known for several 

years that as the speed of 

the train is increased, the 

maximum brake-shoo pres- 
sure may also be inen-ased 

without danger of skidding 

, , , rr.1 , ■ Fig. 33. Section Of Automatic Reducing Valve. 

the wheeb. 1 hat is, a 

train going at a speed of SO miles an hour would require a much 

greater brake-shoe pressure to skid the wheels than a train going 5 

miles an hour. 'lliLs fact has ln-en taken advautagc of in the design 

of tile high-s(>eed brvke. Instead of carrying a brake-pipe pre^ure 
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of 70 pounds when the high-speed brake is in operation, 110 pounds 
is carried. WTien a full service application is made, 85 pounds pres- 
sure is obtained in the brake-cylinder. If this pressure were allowed 
to continue in the brake-cylinder until the train stopped, there would 
be danger of skidding the wheels. In onler to prevent this, a valve 
known as the automaiic reducing valve is used. This valve is shown 
in Figs. 22 and 23. The chamber A above the piston (1), Fig. 22, 
has at all times communication with the brake-cylinder by means of 
a pipe connection. When the pressure in the brake-cylinder is 60 
pounds or less, the parts of the valve arv in the positicm shown. If, 
during a heavy service application, the pressure in the brake-cylinder 
iK'comes greater than (K) pounds, its action on piston (1) will be suf- 
ficient to overcome the tension in the spring (2); and piston (1), 
together with the slide-valve (3), will move downward until the port C 
registers with the triangular {X)rt B, which is always in communication 
with the chamber -1. Air from the brake-cylinder now escapi»s 
through chamber A and jx)rts B and C to the atmosphere. This 
exhaust of air will continue until the brake-cylinder pressure is rcnluced 
to (K) jx^unds. The spring (2) then raises the piston (1), causing 
the slide-valve (3) to close the exhaust port CL In the operation 
just described, the greatest width of the triangular port B is exposed 
to the ix>rt C These ports ai*e so proportioned tluit in this particular 
position, the surplus air is discharged from the brake-cylinder as 
rapidly as it is admitted through the sen'ice application port of the 
triple valve. 

In an emergency application, the violent admission of air into the 
brake-cylinder so suddenly increases the pressure that the piston (1) 
is forced to the lower end of its stroke. In this position, only the 
apex of the triangular port B in the slide-valve (3) registers with the 
port C, and a comparatively slow discharge of brake-cylinder air- 
pressure takes place while the train is at its highest speed; but the 
area of the opening of the port B gradually increases as the pressure 
decreases, until the pressure in the brake-cylindcT is 00 pounds, after 
which time the j)ort C is cIoschI as in a service application. 

The high-speed equipment is used principally on fast passenger 
trains. Fig. 23 show^s the general arrangement under a passenger 
car of the auxiliary reservoir, brake-cylinder, triple valve, high-speed 
reducing valve, and pipe connections. The arrangement of the brake- 
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cylinder and the auxiliary resenoir is diflFcrent from that used on 
freight-cars, in that they are separate, and the triple valve is bolted 
to the brake-cylinder instead of to the auxiliar}' reservoir. On a 
locomotive used in handling l)oth the high-speed and standanl ecjuip- 
ments, the engineer's brake-valve is fitted with two feed-valves; and 
the air-pump, with a duplex governor. One feed-valve is adjusted 
for 70 pounds, and the other for 110 pounds. One pump-governor 
is adjusted to maintain a pressure of 90 jx)unds in the main rt»ser\^Qir, 
and the other a pressure of 130 pounds. 

The etjuipment on the locomotive may l)e changed from the 
standard to the high-speed by closing a cut-out cock in the pipe leading 
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Triple VAuvt 



AuxiuAHv Rcs&nvoiR 



Fig. 28. Automatic Reducing Valve Applied to Car. 

to the 90-pound pump-govemor, and changing the feed-valve handle 
so that the 110-pound feed-valve is ojx*rative instead of the 70-][X)und 
feed-valve. 

WESTING HOUSE "E T" LOCOMOTIVE BRAKE 

EQUIPMENT 

In a paper read Ix^fore the lOOG meeting of the Air-Brake Asso- 
ciation, Mr. F. H. Parke stated that the possible bniking power of a 
single modem locomotive was over 10 per cent of a 5()-car freight 
train, 12 |x?r cent of a 12-car Pullman train, 25 per cent of a 10-car 
passenger train, and 35 per cent of a 0-car passenger train. These 
figures show that the brake ecjuipment of the locomotive should 
receive special attention, and that the brake equipment commonly 
used on locomotives should be impn)ve<l. 
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The first step taken in this direction was the development of the 
combined automatic and straight-air equipment for locomotives. 
This system provided a means for applying and releasing the brakes 
on the cars in the train. It greatly increased the control of the engine 
in switching and in handling the slack in long freight trains, but it 
had many undesirable features. It was greatly siraplifietl and im- 
proved by the invention of the so-called ''K T" locomotive brake 
ecjuipment. 

The "E T" equipment possesses all the advantages of the com- 
bined automatic and straight-air equipment, and several additional 
ones which are necessary to give satisfactory results in braking long 
trains. It can be applied to any locomotive without change or modifi- 
cation of any of its parts, and the locomotive so equipped can be used 
for any class of service. The Westinghouse Company makes the 
following claims for the "E T" equipment: 

1. "The locomotive brakes may be controlled with or independently of 
the train brakes, and this without regard to the position of the locomotive in 
the train, whether coupled to another, as in double heading, or used as a helper 
and assigned to any position in the train. 

2. "They may be applied with any desired pressure between the mini- 
mum and the maximum attainable; and this pressure will be automatically 
maintained in the locomotive brake-cylinders, regardless of leakage and 
variation in piston travel- — undesirable though thCiSe defects are — until released 
by the brake- valve. 

3. "They will remain applied when the engineer places the automatic 
brake-valve handle in full release, then in lap position preparatory to making 
the second application in a two-application stop, thus making a more uniform 
stop and requiring a lighter second application. 

4. "They can be iM'rfectiy graduated on or off, cither in the automatic 
or In the independent application; hence, in all kinds of service, the train may 
be handled without shock or danger of parting; and in pas.senger service espe- 
cijdly, smooth and accurate stops can l>e made with greater ease than was here- 
tofore possible." 

Fig. 24 gives the njinies of all parts us(h1 in tlic e(juipment, and 
shows the scheme and sizes of piping. Tlu* parts not to \x^ found in 
i\u) (luick-action automatic e(|uipment as conunonly installed on the 
locomotive, are as follows: 

1. A (hiplex pump-yorcrnor. 

2. A distributing ra/?'c, and small double-chamber reservoir to which it 
is attached. This valve performs the functions of triple valve, auxiliary reser- 
voir, double check-valve, and high-speed reducing valve on the locomotive. 
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3. Two hrakc-vdlvfN, one of which is automatic and operates both the 
train and locomotive brakes; the other an independent valve operating the loco- 
motive brakes only. 

4. A leed-valve, located in the reservoir pipe to regulate the brake-pipe 
pressure. 

T). A reducing rri/re, which reduces the main-reservoir pressure for the 
indejwndent brake-valve and for the air-signal system when used. 

6. A single- jyointer gauge to indicate the locomotive brake-cylinder 
pressure. 

Manipulation. The instructions for operating the **ET'' 
e(jiiipnient are very similar to those given for the combined automatic 
and straight-air equipment. The automatic brake-valve has six 
fixed positions for its handle, while the independent brake-valve has 
but five. The positions for the automatic brake-valve are: Release, 
runnimjy holding (driver brake), lap, service, and emergency; and 
those for the independent brake- valve are : Release, running, lap, slow 
application, and (juick application. 

The handles of both brake-valves should be kept in running 
j)osition when not in use. 

To make a service application on lM)th locomotive and train 
brakes, move the handle of the automatic brake-valve to service 
position long enough to secure the re(juire<l brake-pipi* reduction; 
then move the handle back to lap position. All brakes will remain 
applied as long as the valve remains in this position. 

The train brakes may be released by moving the handle of the 
automatic brake-valve to release position. ^Mien the valve is in 
release position, care should be exercised that the brake-pipe does not 
become overcharged. This action does not release the locomotive 
brakes. If the handle is moved from release to holding positron, the 
locomotive brakes wnll still remain applied. They may be graduated 
off by short successive ' movements of the handle between running and 
holding positions, or by placing the handle at once in the running 
position. If a full stop is not desired, the handle of the automatic 
bnike-valve should be placed in ser\'ice position until the required 
reduction in brake-pipe pressure is obtained; then moved to lap 
position. After the speed has dropped sufficiently, place the handle 
in release position until all the train brakes are released and the slack 
has had an opportunity to adjust itself; then place the handle in 
running position to release the locomotive brakes. 

An emergency application is made with the automatic brake- 
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valve in exactly the swime manner as with the enfijineer's brake-valve 
eommonlv installed on locomotives. 

If only the independent brake-valve is being used, the handle of 
the automatic brake-valve should be carried in naming position. 
The locomotive brakes may be released by placing the handle of the 
independent brake-valve in running position. When the handle of 
the automatic brake-valve is not in running position, the only way 
in which the locomotive brakes can be released is by placing the handle 
of the independent brake-valve in release position. The locomotive 
brakes may be released under any and all conditions by placing the 
handle of the independent brake-valve in release position. The 
independent brake-valve should be used very carefully when handling 
long trains or in switching ser\'ice, as damage to draft gears might 
result if the slack in the train is permitted to run out hard. If an 
emergency case* arises, the automatic brake shoukl l>e applied instantly, 
even though the independent brake is l)eing used. The safety-valve 
on the distributing valve will prevent any excessive brake-cylinder 
pressure on the locomotive. 

In handling trains on long grades, the application of the train 
brakes and locomotive brakes should be alternatcnl to prevent any 
overheating of the wheels. \Mien leaving the locomotive while doing 
work about or near it, the indejxmdent brake-valve should always be 
left in application position. 

When double-heading, the double cut-out cock in the brake-pipe 
below the automatic brake-valve should be cIoscmI, and the valve 
should be left in lap jx)sition, except on the locomotive from which 
the brakes are Inking operated. 

In order to simplify the description of the various parts of the 
equipment, the following names of pipes an* given (see Fig. 24) : 

Reservoir Pipe. The pipe connecting the main reservoir to the auto- 
matic brake-valve, distributing valve, feed-valve, and reducing valve. 

Feed-Vah'e Pipe. The pipe connecting the feed-valve to the automatic 
brake- valve. 

Reducing-Valve Pijyc. The pii)e connecting the reducing valve to the 
independent brake-valve and the air-signal system. 

Brake-Pi j)e. The pipe connecting the automatic brake- valve to the 
distributing valve and the triple valves on the cars in the train. 

Brake-Cylinder Pipe. The pijje connecting the distributing valve to the 
brake-cylinders on the engine and tender. 



801 



3S TIH! AIli-IlUAKE 

Appliealion-Chnmber Pipe. The pipe connecting the Application cham- 
ber of the (listribiitiiiK valve to the automiitic brnkc- valve, through the inde- 
pCDiient brake-valve. 

Double-Heading Pipe. The pipe connecting the application chamber of 
the distributing valve to the nulomatic brake-valve, through the double cut-out 



Till' maiii-rcs<Tviiir cut-out cock is used to cut off tlio supply of air 
when removing any part of the c<[uipmeut for cIcauiuK or repairing, 
except the governor. Before it is cIose<l, however, flie double cut-out 
ccck below the automatic brake-vah'e should lie turned to dor* the 
brake-pipe, and the handle of the automatic brake-valve should be 
placed in release position. This is done so as to prevent lifting from 
its seat tlie rotar;- valve of the automatic brake-valve or the slide- 
valve <if the fee<l-val\e. The automatic brake-valve receives air from 
the main reservoir direct and through the feed-valve. The check- 
valve in the signal pipe prevents air from flowing back from the signal 
pipe -when the in- 
<lcpendent brake- 
valve is being used. 
The pump-govern- 
or has three pipe 
(unnections — one 
from the reservoir 
pipe to the maxi- 
mum pressure head ; 
one fnim the feed- 
vahe pipe to the 
iipjMT connection of 
tlic excess pressure 
head ; and one from 
the automatic 
brake-valve to the 

»« L» lower connection of 

,,j the excess pressure 
head. 

Distributing Valve. The tlistribufing valve, shown in Figs. 25 
and 26, has five pipe connections- On the reservoir are cast the 
foUowmg letters indicating these connections: MR — main reservoir 
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pipe; Z)/r— doiible-hcading pipe; ^C— ^appUcation-chamber pipe; 
BC — brake-cylin<ler piiH'; and BP — brake-pipt-. 

Fig. 27 is a section through the distributing valve. The prin- 



Fig. Sa Part Sectional \'1bwo[ DlstrlhuilnH Valve imd Doviblo-Chamber neseirair 
o( "ET" Eiiulpnipnt. 

cijJcs governing the operation of this vulve are the same as those 
previously de.s(ril>ed in the standanl rquipmont commonly used. 
The chief difference is the manner in which air-pressure is supplied 



Fig. IT. SectloD througb Dlstrlbutlog Valve o[ "ET" Equlpmeoi. 

to the brake-cylinders of the locomotive. It consists chiefly of a plain 
triple valve, an auxiliary reservoir, and s small brakeK;yliiider, the 
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piston-rod of which operates two slide-valves instead of being con- 
nected to the brake-rigging. The piston travel is always constant. One 
of the slide-valves mentioned admits air to the brake-cylinders of 
the locomo.tive, and the other releases or exhausts this air. The 
triple valve and auxiliary reservoir are used in automatic applications 
only, and are called, respectively, the equalizing portion and the 
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Plan of 6lide Valve 5eat. 

Fig. 28. Graduating Valve, Equalizing Slide-Valve, and Slide- 
Valve Seat of Distributing Valve of -ET" Equipment. 

pressure chamber. The slide-valve connected to the piston-rod of the 
small brake-cylinder, which admits air to the brake-cylinders of the 
locomotive, is called the application valve, while that one which 
ohausts this air is called the exhaust valve. It is easily seen that the 
entire operation of the locomotive brakes consists in admitting or 
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releasing; air-prcssiirc into ur out of tlii- a])[>]iL'atiun rlminlier. In 
independent applications, tliis is donu dint-tly by n[>L'rating the inde- 
pendent brake-valve; while in aiitoinaltc applications, it is accom- 
plished by means of the e<]imli/.in|r pi^itun and the air-pR'ssurc stored 
in the pressure chamber. 

Fig. 28 is given to kIiow tlie comTt liK-iilion of |H)rls in tlic cf jualiz- 
ing valve and slide-valve. 

Rinee the ports in tlie valvr cannot he clearly indientcd in Fig. 
27, diagrammatic illustnilinna .shown in Figs. 2'.>, .'!0, 31, 32, 33, 34, 



pig. ». DNlritmtlng Valve, Chanttntt nr Rplense Poslilnn, Amnmatle or 

36, and 36 will l>c n-ferrrd to in explaining the niniration oE the valve. 
ITiese diagrams show the parts distorted and not as actually con- 
stnirte<l. 

The operation of the valve when aiiloiniilie applications are made, 
is aa follows: 

Charging. Fig. 29 shows the movable parts of the valve in 
charging position. In this pxsition, the chamber A is in connection 
with the brake-pipe ; and air is free to jNtss around the top of the piston 
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(1) tlirougli tlie fced-grwove B and tlie port C, to the pressure chamber, 
until the pressure on txdh sides of the piston bi'coraes equal. 

Release. Tlie p<)sition sliown in Fig. 29 is also the release 
position, and is the position the parts take wlien the automatic brake- 
valve handle is placed in release position. In this position, the pres- 
sure in the chamber A is greater than that in the application chamber; 
* consequently the equalizing pistou{l} is moved to the position shown. 
This movement of the piston moves the graduating valve (2) and the 
slide-valve (3) to the release position shown, but does not release the 



Fig. M. Dlsliibutlng ValTe, A utom.illc Service Position. 

locomotive brakes. To nccomplish this, either the automatic brake- 
valve must be placed in nmning position or the independent brake- 
valve must be moved to release position. In either case, the applica- 
tion-chamber pipe is opened to the atmosphere, and the air in the 
application chamber is exhausted. The air in the chamber E will also 
be exhausted, since it is connected to the application chamber by the 
port D. This permits the brake-cylinder pressure in the chamber 
F to move the piston (4) to the left until the exhaust ports G and H 
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permit the brake-cylinder pressure to escape. The double-heading 
pipe must always be kept closed at the double cut-out cock Iwlow the 
automatic brake-valve, unless there are two engines at the head of 
the train. In this case, the engine from which the brakes are con- 
trolled should have its double-heading pipe closed, while on the other 
engine it should be open. 

Service. When a scnice ap|)lication is made with the automatic 
brake-valve, the brake-pipe pressure in the chamU'r A is reduced; 
and piston (1), together with the graduating valve (2) and the slide- 






valve (3), is moved toward the right to the position shown in Fip. 30. 
In this position, the port / in (he slide-valve registers with the port J 
in the seat, and permits air from the pressure chamber to flow into the 
application chamber and the chamber E through the port D, This 
pressure forces the iippliciition piston (4) to the right, causing the 
exhaust valve {ri) to close the exhaust |)or1s (! and //, and tile applica- 
tion valve (G) to uncover the port A'; also causing the graduating 
spring on the stem (7) to be compressed. Air from the main reservoir 
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is now free to flow from the chamber L through the port A' and passage 
.1/ to the brake-cyliniiera. 

In the movement just described, the ports .V and in the slide- 
valve rcfrister with the ports J and P in the seat, and are connected 
by the cavity Q in the graduating vah'e. This connects the application 
chamber with the safety-valve, which, being adjusted to open at 53 
pounds, limits the cylinder pressure to this^amount during a full 
service application. 

Service Lap. If the brake-pipe reduction is not sufficient to 



pig. 32. [ilsiriliuiluK Valvi),- Emurg.'ii.y IMsltlon. 

cause a full ser\icc applitiitinn, the nir from the pn'ssure chamber 
nintinues to di.schiirfje until the ilifTcrrncc in pres.sure on the two sides 
of the piston (1) forct's it ami tin- graduating vnlvc (2) toward the left. 
Tlu' frictiimal n'.sislaiicc (if the slidt'-valve (.1) prt-vents any further 
mnvomnit after the .slioulder on tlu- piston (1) strikes the right end 
of die slide-valve. In this position, all ports are closed, as in Fig. 31, 
and the valve i.s in sernre lap. Air roiitinncs to flow through the port 
K and the |>a.ssiiKe .1/ into the bpakc-cylinders, until their pressure ia 
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slightly in excess of that in the application chamber. This difference 
in pressure on the two sides of the piston (4), assisted by the graduat- 
ing spring on the stem (7), forces the piston (4) to the position shown 
in Fig. 31. This movement of the piston (4) results in application 
valve (6) closing the port A", but does not move the exhaust valve (5). 
The' brake-cylinder pressure is then about the same as that in the 
application chamber. 

Emergency. When a sudden and heavy reduction of air-pressure 
is made in the brake-pipe, the piston (1) is forced to the right by the 
pressure in the pressure chamber until it strikes the gasket as shown 
in Fig. 32. This movement causes the slide-valve (3) to uncover 
the port/; and air from the pressure chamber passes quickly into the 
application chaml)cr and becomes ecjualized. When the automatic 
brake-valve is placed in emergency position, the ports in the valve 
connect the equalizing reservoir to the application-chamber pipe. 
Air from the equalizing reservoir then passes into the application 
chamber, and, with that from the pressure chamber, equalizes at 
about 60 pounds. Air fromlhe main reservoir enters the slide-valve 
chamber through the pipe L and the ports T and R, and passes into 
the pressure and application chambers. Air now escapes from the 
application chamber through the port J into the cavity S, through 
a small port into the port N, and thence out through the safety-valve. 
Air escapes through the safety-valve more rapidly than it can be 
supplied through the ports R and T, and thus prevents the pressure 
from becoming higher than is desired. 

In high-speed service, the feed-valve is set to maintain a brake- 
pipe pressure of 110 pounds instead of 70; and a main-reservoir 
pressure of 130 or 140 pounds is carried. The pressure in the appUca- 
tion chamber, under these conditions, is increased to about 85 pounds; 
but air escapes through the cavity S and port N at about the same 
rate as in the high-speed reducing valve, until the pressure is only 
about 60 pounds. The pressure in the application chamber does not 
drop below about 60 pounds, because, under these conditions, air 
from the main reservoir is supplied through the ports R and T faster 
than it can escape through the restricted passages to the safety-valve. 

Emergency Lap. In emergency applications, the process above 
described continues until the brake-cylinder pressure slightly exceeds 
the pressure in the application chamber, when all parts move back 
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to emergency lap position, as shown in Fig. 33. Release is accom- 
plished in the same manner as described imder Fig. 29. 

In operating the locomotive brakes with the independent brake- 
valve, the action of the <listnbuting valve is as follows: 

iTtdependeni Applicatiim. When making an application, the 
equalizing piston (1 ) occupies the same position as shown in Fig. 34. 
Air is admitted into the a|)plication chiimlier from the main reservoir 
through the reducing valve, at 45 pounds' pressure, 'lliis pressure 



l-'iii. 33. Dlslrlbutlne Valve.— EmerBenL-y Lap Fosllloo. 

, also exists in the chamber E, and forces the piston (4) to the right, as 
shown. This movement causes the application valve (0) to uncover 
the port K, and air from the main rescnoir passes through the passage 
M into, the brake-cylinders. Air continues to flow into the brake- 
cylinders until their pressure and that in the chamber F slightly ex- 
ceeds that in the chamber E, when the piston (4) w^ill be moved to 
the left, causing the application valve (G) to close the port. This 
position, shown in Fig. 3o, is known as independcnl lap. 

It is easily seen lliat the action of the piston (4) will always main- 
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tain about the same pressure in the brake-cylinders aa exists in the 
application chamber. 

IndependejU Release. If the handle of the independent brake- 
valve is placed in release position, the air in the application chamber 
escapes directly to the atmosphere. This permits the brake-cylinder 
pressure in the chamber F to force the piston (4) to the left, causing 
the application valve (6) to close the port K, and the exhaust valve 
(5) to open the ports and H, as shown in Fig. 29. Air is now free 
to escape from the brake-cylinders until the valve is placed in lap 



Fig. 31. Independent Application of DlBtributlng Vllve. 

position or until the brake-cylinders are entirely exhausted. If the 
handle of the independent brake-valve is placed in lap position before 
all the air is exhausted from the brake-cylinders, the parts of the 
distributing valve will move to independent lap position, as shown in 
Fig. 3-5. In this way, the independent release may be graduated 
as desired. 

Safety-Valve. One of the essential parts of the distributing 
valve is the safety-valve. The principle of its wrtion is shown in the 
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section given in Fig. 36. Its construction is such as to cause it to 
close quickly with a pop action, which insures a firm seating. The 
spring should be adjusted so that the val\e will open at 53 pounds. 
This is accomplished by removing the cap nut (1) and screwing, up 
or down, an adjusting nut (2). 

Automatic Brake-Valve. The automatic brake-valve not only 
performs the functions of the standard engineer's valve commonly 



F[g. S6. DiBCTlbutlDg Valre.— ladepeodent Lap Position, 

installed on locomotives, but also those necessary to obtain all the 
desirable features of the distributing valve. 

Fig. 37 is taken from a photograph of this valve, with the handle 
in running position. 

Fig. 38 is B top view, showing the six positions of the brake-valve 
handle. 

Fig. 39 shows two views, the upper one bi'ing a section through 
the rotary-valve chamber, the rotary valve being remove*!; and the 
lower one, a vertical .-section of the entire valve. A plan of the top 
view of the rotary valve is shown on the left. 
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The description of the operation of the valve in its different 
positions, will be given in the order in which it is piost generally used. 

Charging or Release Position. 
In this position, air flows directly 
from the main-reservoir pipe, 
through the port A in the rotaiy 
valve and the port B in the valve- 
seat, into the brake-pipe. This 1 C 
quickly recharges the train-brake 
system and releases the train brakes, 
but does not rtlease the locomotive 
brakes, if they are applied. The 
port C now registers with tlie port 
D, and permits rauin-rescrvoir pres- 
sure to enter the chamljer E, and 
acts on the equalizing piston (2), 
forcing it downward and closing the 
dischai^ valve. In this position, 
the port F in the rofary valve (1) 
registers with tlie warning port G in 
the valve-seat, permitting a small 
amount of air to escape into the ex- 
haust cavity H. This senes to 
make enough noise to attract the 
engineer and notify him that the 
valve still remains in release position. 
A small groove in the face of the 
rotarj' valve connects the port F 
with the port /, ami permits main- 
resenoir pressure to act on the ex- 
cess-pressure head of the pump- 
governor. If the handle of the 
automatic brake-valve is pcrmitteil 

to remain in this position too long, p^ ^^ SBctionof saf^tyvaiTB-r 
the brake-pipe and auxiliarj- R-ser- Distribuiiog vaive. 

voirs would l>ec()me charged to main-reservoir pressure. The handle 
should l>e moved to running or hoUling position Ix-fore this occurs. 

Running Posilion, In running position, all the train and loco- 
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nr.otive brakes are released, and the auxiliary reservoirs are chained. 

Tlic ports J and B in the valve-seat are connecte<] by the cavity K in 

the rotary valve; and air from the feed-valve pipe passes directly into 
the brake-pipe and re- 
charges the auxiliary res- 
cn'oirs. The air in the 
brake-pipe will not attain 
a pressure greater than 
that for which the feed- 
valve is set. The ports 
L and M in the valve-seat 
are connected by the cav- 
ity N in the rotary valve; 
and the pressure on the 
equalizing piston (2) and 
in the equalizing reser- 
voir is the same as that 
in the brake-pipe. The 
port F in the rotary valve 

registers with the port I in the valve-scat, and permits main-reservoir 



Pig' 17. Automatic Brtkke-VoJie 




Fig, a*. Top View ot AiilomiUto Tirakp- Valve. Showing Six r'n-.ltlnu'; nf Ilancllp. 

pressure to pass to the excess-pressure liea<l of the piimp-govemor. 
The port O in the rotary valve registers witli tlie port P in tlie valve- 
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F^g. X. 5iectloiiii1 Views ot Aatomatla Brake- Valve. 

UpiXTvlew, II liorlzontal section through rotary- valva chamber, rotary valve remoTed. 
Pluarlewol rularf valve shown allelt. liower view, a vertical Hectlon thcooglk entire 
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seat, and connects the application-chaml^er pipe with the exhaust 
cavitv //. 

Service Pimtion. In this p)sition, the brake-pipe pressure is 
gnuhially rcHhietnl and causes a service application. The port O in 
the rotary valve n^gisters with Q in tlie valve-seat, and jxTmits air to 
discharge fn)!n the chamU^r K and the e<iualizing reservoir into the 
exhaust chamlK^r //. The jxjrt Q is restricted, and causes a gradual 
discharge of air fi-oni the e({Ualizing reservoir. rVs the pressure alx)ve 
the ecjualizing piston (2) is reduced, the brake-pipe pressure below 
forces the piston (2) upward, ojK-ning the discharge valve and exhaust- 
ing air from the brake-pipe into the atmospheix;. When the pressure 
in the chamber E is reduced the re(iuired amount, the handle of the 
brake-valve is moved to lap position. Air will continue to exhaust 
frt)m the brake-pijKi thnnigh the discharge valve, until the prt^ssure 
below the piston (2) is slightly less than tliat above. E(jualizing 
pistoQ (2) will then be forced downwartl, closing the ecjualizing valve. 
By this process, it will be seen that the reduction of the pressure in 
the equalizing reservoir determines that in the brake-pipe. 

Lap Position. Tliis is the position the valve occupies while 
holding the brakes applied, to prevent loss of air from the main 
reservoir in case of a break-in-two, and when another engine in the 
train is handling the brakes. All ports are closed except the port in 
the rotary valve, which coimects with the port 7? in the valve-seat. In 
double-heading, these ports coiniect wnth the application chamber in 
the distributing valve, and permit the air to exhaust into the atmos- 
phere when the automatic brakes are beiiig released. 

Release Position, The action of the valve in this position has 
been described Under charging or release. 

Holding Position. In this position, all train brakes are released, 
but the locomotive brakes are held applied. The only difTerence 
Ix^tween the running and holding positions is that in the former the 
application chamber of the distributing valve is open to the atmos- 
phere, while in the latter it is not. 

Emergency Position. In this position, the port S in the rotary 
valve registers with the port M in the seat, and air discharges from 
the brake-pipe through the cavity T, into the exhaust chamber II* 
These ports are proportioned in such a manner that a large volume 
of air is suddenly discharged from the brake-pipe, causing all triple 
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valves and the distributing valve to go to the emei^ncy portion. 
The cavity U in the rotary valve registers with L and P in the valve- 
seat, and permits the air from the equahzing reservoir to flow into the 
application chamber of the distributing valve. The ports C and V 
register, and allow air from the main reservoir to flow to the sand 
valve, thus applying sand to the rails. 

Plug 3, shown in Fig. 39, is placed in the top of the case at a point 
to fix the level of an oil bath in which the rotary valve operates. 

Independent Brake-Valve. The independent brtjie-valve b of 
the rotary-valve type. Fig, 40 is 
taken fromaphotograph of the valve. 
The general construction of the valve 
is represented in Fig. 41. The lower 
view shows a vertical section of the 
entire valve, with a top view of the 
rotary valve on the right; while the 
upper one shows a horizontal section 
taken through the valve body with 

the rotary valve removed. All pipe Fig. «. independent B»ke-vaive. 
connections, and the different positions of the handle, are shown. 

The action of the valve when placed in the different positions 
is as follows: 

Running Position. When the independent brake is not in use, 
the independent brake-valve should always be carried in this position. 
The ports A and B in the valve-seat are connected by the port C in 
the rotary valve (1). Thb establishes comraunicafion between the 
application chamber of the distributing valve and the port P (see 
Fig. 39) of the automatic brake-valve, so that the former can be 
operated by the latter. If the independent brakes are being operated 
with the automatic brake-valve in running position, they can be 
released by simply moving the independent brake-valve to running 
position, since in this position the air in the application chamber of 
the distributing valve can escape through the automatic brake-valve. 

Service Position. In this position, the ports D and B in the valve- 
seat are connected by the groove E in the rotary valve, allowing air 
to flow from the main reservoir to tlie application chamber. The 
air-supply from the main reservoir is reduced by the reducing valve 
to 45 pounds. This is the maximum pressure that can be obtained 
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in the brake-cylinders wben using the independent biake-valve. 

Lap Poaiiion. This position is used to hold the locomotiTe 
brakes after having been applied hy using the independent brake- 
valve. All operating ports are closed. 

Release Poriiion. In this position, the locomotive brakes will 
be released wh«i the automatic brake-valve is not in running position. 



Apffictflon Chunber Pipe 
OykliAwlitrfion. 
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FIb. 41, S«cclnnkl VlewBof iDdepeDdentBrslie-VklTe. 

upper Tlew. alioriioiilBl Bocilon tbrounh valve body, rotary valve remoTsd, IjOW«r 

new. avanlosl section ibrougb entire valve, Pl&n view of rotary valve sbown M ligbL 

The port B in the valve-seat registers with the cavity F in the rotary 
valve, and air from the application chamber of the distributing valve 
exhausts into the atmosphere. 
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If the valve is left in this position, it is impossible to operate the 
locomotive brakes by means of tlie automatic !)rake-valve. For this 
■ reason, the coil spring (3) is provided, which always returns the handle 
to release position as soon as the engineer lets go of it. The purpose of 
the oil plug (2). is the same as that descril)e<l in connection with the 
automatic brake-valve. 

Reducing Valve. This is shown in Fig. 42, and is almost identi- 
cal with the feed-vaive. The only difference in their construction 
is in the manner of adjustment. The principle of its action has 
already been described. 

PiHnp-<JOveroor. The purap-govemor is shown in Fig. 43, 
with its different pipe connections name<l. When the automatic 
bmke-valvc is in release, nmning, or 
holding position, air from the main reser- 
voir flows through the automatic brake- 
valve into (he chamber A below the 
diaphragm (1). Air from the feed-valve 
enters above the diaphragm (1), assist- 
ing the .spring (2) to hokl it down. 
Since tlie spring (2) is adjuste<l to a 
compression of 20 pounds, the diaphragm 
(1) will not l>c lifted until the main- 
reservoir pressure exceeds the feed-valve 
pipe pressure by ihis amount. ^\'hen 
this occurs, the diaphragm (1) is lifted, 

and the pin valve is opened. This ^'^- '^ Bednoing v.ive. 

permits main-reser\'oir pressure to act on tlie piston (3), forcing 
it downward and practically stopping the pump. \\Tien the main- 
reservoir pressure in the chamber A becomes slightly reduce*!, the dia- 
phragm (1) is forced downward and the pin valve is closed. The air con- 
fined above the piston (3) escapes through the port B ; the piston (3) is 
lifted by the action of the spring (4); and the pump starts working. 
When the automatic brake-valve is in any position other than release, 
running, or holding, the port connecting the automatic brake-valve 
with the chamber A is closed, and this governor head is cut out of 
action. The pump is then controlled by the other governor head, 
which is always connected with the main reservoir. Its action is 
»milar to that just described. Both governor heads are adjusted by 
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screwing up or down on adjusting plugs (5). As both governor heads 
have a small vent port B from wliich air escapes whenever pressure 
is present above the piston (3), one of these should be plugged to 
avoid a waste of air. A small port in the valve (6) permits steam to 



Fig. 43. Vsrtlcal S.'i'tlon Ihruudii I'U Dip-Governor. 

enter the pump when it is cut out of action by the governor, which 
prevents freezing in cold climates. 

WESTINOHOUSE TYPE "K" TRIPLE VALVE 

The standard form of quick-action triple valve commonly used 
in freight and pa&senger service, has until recently proven very satis- 
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factor;'. In the last few years, however, with heavier locomotives 
capable of hnndUng 100-car trains fitted with air-brake equipment^ 
ihry have failed to meet all the refiuiremcnts. Realizing the changed 
conditions and the importance of meeting Ihem, the Weslinghonse 
Company has n'cently jxTfifteil the "K" triple valve. 

Home of the midesirahle features of the standard quick-action 
triple which the "K" triple oven'omes, are as follows: 

(u) Tho tiiilurr of n |Hirtion nf the linikcs in a loDp trnin to apply. 

(Ii) .\ rompk'tr relciisc cif tlic bnikps at thp forwiiril end of the train 
before (he bnike-piire iircsKiirc whirh hii.H broiiKht this about can roach the 
triple valvpK near the end »f lUc Iruin, Thi.s adion jxirmits the slaek to run 
out hard, and creatrs [■xci'.s.iivc striiins on thr draft gears, often resulting in a 
break- in- two. ^ 

(r) Ovprfharjtinf; the au.viliarj- rcstrvoirK at Ihc fiirwani end of the train 
while releawing the brakes. The result of this arlion is a re-appi lent ion of the 
forward l)rake,s when the brake- valve handle in jilaced in runninj- position. 

The outward apju'aranee of the "K" triple valve, when attached 
to the auxiliar;- Reservoir, is .so much Hke the standard ijuick-action 



triple that a thin wei) is c u.st on the top part of the ImhIv u.t a distin- 
guishing mark. The designating mark "K-1" or "K-2" is also cast 
on the side of the body. The "K" triple is made in two sizes — the 
"K-1" for use with the 8-ineh freight-ear tirake-cvlinder; and the 
"K-2," with the 10-inch freiglit-car brakeHvlinder (.see Fig. 44). 
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This new valve embodies every feature possessed by the standard 
quick-action triple, and three additional ones— namely, the quick 
sert'icc, retarded release, and uniform recharge. It operates in perfect 
harmony with the standard triple, and often improves the action of 
the latter when the valves are mixed in the same train. The two 
types of valves have many parts in common and are interchangeable. 
The standard triple may be transformed into the "K" triple by pre- 
serving all of the old parts, sa\e the body, slide-valve, bush, and 



Fig. 4E. Vertical Section through "K-z" Triple Valve, ShowliiB Genersl Amngemeiit ol 
VaUeaand Ports. 

graduating valve. This transformation can be done at a minimum 
cost when the valves are returned to the works for heavy repairs. 

A side view of the "K" triple valve, and the general arrangement ' 
of valves and ports, are shown in Figs. 45 and 46. Referring to Fig. 
45, those parts which are different and not found in the standard 
triple, arc as follows: Vdve Body (1), Slide-Valve (2), Gradualing 
Valve (3), ^Rdarding-Device Bracket (4), Retarding-Device Screw 
(5), Retarding-Device Washer (6), Retarding-Device Spring (J), 
Retarding-Device Stem Pin (8), and Graduaiing-Valve Spring (9). 
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The quick-service feature gives a rapid serial operation of all 
brakes in service application. This is accomplished by using the 
principle of the standard triple in emergency applications — namely, 
discharging brake-pipe air into the brake-cylinder. That is, in service 
applications, some air from the brake-pipe passes into the brake- 
cylinder. The result is that the quick-service feature insures the 
operation of every brake, reduces the amount of air exhausted at the 
engineer's brake-valve and the possible loss of air due to flowing back 
through the feed-groove, and effects a saving of air. 

The retarded-release feature operates so as to give practically a 
simultaneous release of all brakes in the train. This is accomplished 
by automatically restricting the exhaust of air from the brake-cylinder 
in the forward portion of the train, and allowing the others to release 
freely. This retarded release is due to the increased pressure which 
exists in the forward end of the 
brake-pipe when the brake-valve is 
in release position, and affects about 
the first thirty cars in the train. 

The uniform recharge of the 
auxiliary reservoirs in the train is 
due to the fact that when the valve is 
in the retarded-release position, the 
ports connecting the brake-pipe with 
the auxiliary reservoir are automatic- 
ally restricted. In other words, as 
long as the exhaust from the brake- 
cylinder is retarded, the recharge is 
restricted. This feature not only 
prevents the overcharging of the 
auxiliary reservoirs on the front cars, 
but, by drawing less air from the 
brake-pipe, permits the increase in 
l)rake-pipe pressure to travel more 
rapidly to the rear cars, where it is most needed for releasing and 
recharging those brakes. 

By reference to Fig. 40, which shows views of the graduating 
valve, slide-valve, and slide-valve bush, it will be seen that the ports 
are arranged along a longitudinal center line, making it very difficult 
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Fig. 46. Views of Graduating Valv<». 

Sllde-Valve. and Slide- Valve Bush 

of "K-S" Triple valve. 
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to follow the course of air through them with a sectional view such as 
is shonii in Fig. 45. For this reason, diagrammatic views shown in 
Figs. 47, 48, 49, 50, 51, and 52 are used in explaining the operation 
of the valve. In order to assist to a clearer understanding of the 
valve, the notation used to distinguish ports, valves, etc., is the same 
in all figures. 

Referring to Fig. 45, the retarding-device brake (4) projects 
into the auxiliary resenoir; and its construction is such that free 
■ communication exists between the auxiliary* reseri'oir and the cham- 
ber containing the slide-valve and the graduating valve. The grad- 
uating valve is of the slide-valve type, and moves over the top of the 
slide-valve, being carried along by the triple-valve piston. The 



FJg. 47. "K" Triple Valve in Pull-Rt■lea^c and Cbarglug Position. 

friction between the sli<le-valve and its seat prevents its movement 
until it is actuated by the triple-valve piston. 

The operation of die "K" triple valve is as follows: 
FuU-Rekase and Charging Position. Fig. 47 shows the valve 
in this position. Air enters from tlic bnikc-pi|>c, and pjisses through 
the port A into the chamber D, timiugh the ports C, into the cylinder 
Z), through the feed-groove E, into the chamber F alwve the slide- 
valve, anil finally pa.ss(s into the nuxilian.' rpscm»ir. The feed-groove 
E is the same size as that used in the stanilani triple. In the "K-2" 
triple, the port // is added to the slidc-val\c, throttgh which air enter- 
ing from the port G can feed into the auxiliary reservoir in order that 
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a greater volume of air can lie handled to supply the auxiliary reser- 
voir of a 10-inch brake-cylinder. The port H is not placed in the 
"K-1" triple. Brake-pipe pressure, entering by the port A, lifts the 
check-valve (10), passes through tlie ports G and H into the chamber 
F, and thence into the auxiliary reservoir. 

The process described above continues until the pressure in the 
auxiliary reservoir and brake-pipe become etjual. The auxiliary 
reser^'oir is then said to l>e fully charged. 

Quick-Service Position. In making a scn'ice application of the 
brakes, air is slowly exhaustwi from the bnike-pipe, and tlie pressure 
in the chamlxT D is reduced. When the difference In the auxiliary 
reservoir and brake-pipe pressures is sufficient to overcome the friction 



Fig. 4R "K" Triple \'alTe ia Quiok-Sprvlif Po.sllloii. 

of the piston (11) and the graduating valve (3), the piston moves 
to the left. As the piston (11) moves to the left, a shoulder on the ■ 
right end of the piston strikes the right end of the slide-valve (2) and 
moves it to the left until the piston (1 1 ) strikes the end of the graduat- 
ing stem (13). The parts of the valve then occupy the position shown 
in Fig. 48. In this position, air flows from the auxiliary reservoir 
into the chamber F through the ports / and J, into the brake-cyluider. 
At the same time, the small amount of air contained in the cavity K 
passes through the ports (7 and L, the cavity -1/, the ports .V and O. 
around the emei^ncy piston (12), into the iirakc-cylinder. \\'hen 
the pressure in the auxiliary reservoir ilrops below that in the brake- 
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pipe, the check-valve (10) lifts, and air passes from the brake-pipe 
through the ports mentioned above, into the brake-cylinder. The 
emergency piston (12) fits loosely in its cylinder and permits air to 
pass around it without pressing it downwani. The ports G, L, N, 
and are proportioned so that there is no danger of any movement 
of the emergency piston (12). If this should occur, however, an 
emergency application would result. 

It is readily seen that the action just <lescril(e<I will greatly reduce, 
the brake-pipe reduction necessary at the brake-valve, since air is 
taken into the brake-cylinder from the brake-pipe; also, tliat a higher 
cylinder pressure will result than if no air from the hrakc-pi[)e passed 
into the brake-cylinder. 

Full-Sermre Position. In short trains, the volume of air in the 
brake-pii)e is comparatively small. In senicc applications, uir 



Fig. «. "K" Triple Valve in Pull-Servlee Position. 

discharges so rapidly by the quick-service feature that an emergency 
would result were it not automatically prevented by the valve itself. 
In sen-ice applications, if the drop in br.ike-piix' pressure is more 
rapid than that in the auxiliary resenoir, then the valve takes the 
full-service position represented in Fig. 4i>. It will not, however, 
take the emcrgeiKy jK)sitit)n, U'causc there is no sudden drop in the 
brake-pipe pressure. In the fidl-senice position, tlic pressure behind 
the piston (II) is such that the graduating .spring (14) is slightly com- 
pressed. This m(>\'i's the slidi'-valve (2) to the left sufficiently to close 
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the qdick-service port 0, and brings the port / into fuil registration 
with the port J. In this position, no air can enter into the brake- 
cylinder through tlie port G; but since the porta / and J are fully 
open, air is free to pass from the auxiliary reseri'oir into the brake- 
cylinder. 

La-p Position. \Mien the brake-pipe pressure 1ms l)ecome con- 
stant after an application has l>een miule, air continues trt flow from 
the auxiliarj' resen^oir through the jxjrts / and J to the brake-cylinder, 
until the pressure in the chamUr /•' Ix-ctmies enough less than that 
in the chamber D to cause the piston (1 1 ) to move to the right. \Yhen 
the shoulder on the piston (11) strikes the left end of the slide-valve 
(2), it comes to rest on account of the frictional resi.stance of the sliiie- 
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valve. In this position, all ports are closed and the valve is said to 
be lapped (see Fig. 50). 

Retarded-Retca^c and Charging Posiiion. It is a well-known 
fact that in a freight train fitted with standard triples, the cars nearest 
the engine will release first when the cngiueer places the brake-valve 
in release position. This is due, frsi, to (he friction of the air in the 
brake-pipe; and accund, to llie fact, that the auxiliary reservoirs of 
those brakes which release at the forwanl end begin to rechai^, 
taking air from the brake-pipe, which reduces the pressure-head. 
The retarded-release feature overcomes the secimd point mentioned 
by taking ndvantajp- of the first. The friction of the air in the brake- 
pipe causi's the pressure to build up inori> pa[)idly in the chaiulwr D 
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of triples at the front end of the train, than it does in those at the rear. 
When this pressure in the chamber D increases sufficiently above that 
in the auxiliary resen-oir to o\ercome the frictional resistance of the pis- 
ton, graduating valve, and slide-valve, all three parts move to the right 
until the piston strikes the retanling-device stem (S), which is held in 
position by the spring (7). Tlie parts will then Ix in the position repre- 
sented in Fig. 47, If, however, the pres.siire in the chamber D builds up 
faster than the auxiliary re.siT\'oir can recharge (as is the case if tlie 
triple is near the head of the tmin), then the piston moves still farther 
to the right, compre-ssing the rt'lardlng-device spring (7) until the 
parts occupy the [losition shown in Fig. 51. In this jjosition, t!ie back 



Fig. 51. "K- Triple VaUro In K«ardea-R«l«.ise position. 

of the piston (11) is in coiitact with the slide-valve bii.sh, and, acting 
as a valve, prevents any air from passing into the auxiliary reservoir 
through the feed-groove J?; but the port P now registers with the port 
(i, permitting air to pass from the chaml)er .1 — lifting the check-valve 
(10)— through the ports G and P, into tiie auxiliary resenolr. By this 
latter route, the auxiliary resenoir is recharged only about half as 
fast as it would l>e if charged through the feed-gmnve E. As the 
pressure increases in the auxiliary- resen-oir and l)ecomes nearly 
equal to that in the chamluT D, the R'tunliug-device .spring (7) over- 
comes the friction of the piston, slide-valve, an<l graduating valve, 
and moves them to the left to the position shown in Fig. 47. After 
this, recharging continues through the fwd-gntove E until the pre.s- 
sun's are (H|Uidim.'<l. In the retarded -release (wsition, the exhau.st 



THE AIR-BRAKE 65 

cavity S connects the port J with the exhaust port T, and the air in 
the brake-cylinder is discharged into the atmosphere. The discharge 
is very slow, however, since the small eirtension of the cavity S (see 
Fig. 4C) is over the port T. This is the retarded-release feature, 
and affects about the first thirty cars in the train. Finally, when the 
valve takes the position shown in Fig. 47, the cavity S completely 
covers the port T, and a fret discharge of air from the brake-cylinder 
occurs. 

Evtergency Position. This position is shown in Fig. 52. The 
operation of the "K" triple valve in emergency applications is the 



Fig. IK!. -'K" Triple Valve In Emergency Position. 

same as that of the standard automatic quick-action triple. Quick 
action is prodiicwl by a sudden drop in the brake-pipe pressure. 

NEW YORK AIR-BRAKE SYSTEM 

The principle of action of the New York Air-Brake Is precisely the 
same as that of the Westinghouse Air-Brake. The New York system 
is composed of the air-compressor, main resen'oir, pump-governor, 
engineer's brakc-valvc, brake-pipe, triple valve, au-xiliary reservoir, 
bnike-cylindcr, and pressure-retaining valve, which are the principal 
parts and are very similar to tliose u.sed in the Westinghouse system. 
The only purls which need special explanation are the air-pump, 
engineer's brake-valve, and the triple valve. 

New York Air-Pump. The New York Air-Pump is a duplex 
pump, and is built in two sizes. The larger size is shown in section in 
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Fig, 53. On the lower part are located the steam cylinders, each 
iM'iiig 7 inches in diameter. The piston-rods connecting the steam 
pistons with the air pistons are made hollow for a portion of their 
length. This hollow portion provides a place for the stem whidi 
ojx'ratcs the steam \ah-e. Tlie action of the pump in compressing 



nir is very similar to that of a if>ni|>iiiinil .slcmn rn^ine, the air Iteing 
comjioiinded in.sicad of stciiin. Tlie entiR> \alvi'-g<'!tr is very simple. 
The valves (1) and (2) controlling the iietion of the pistons are plain 
I) slide-valves, Tlic air-valves arc simi)le eheck-valves. The opera- 
tion of the pnmp in compressing air is as follows: 



THE AIR-BRAKE 67 



Each air cylinder fills with free air at every stroke. The pistons 
of one side rest while those on the other side are in motion. The valve 
on one side controls the supply of steam to the opposite side. In the 
position of the pistons shown in Fig. 53, the j)iston (3) has completed 
its stroke, and has forced the air in the cylinder A through the air- 
valve (4) into the cylinder B at about 40 pounds' pressure. The plate 
on the piston (5) has come in contact with the shoulder on the valve- 
stem (6), and moved the steam valve (2) to the position shown. This 
ojx*ns the port E, and steam is permitted to act on the top of the piston 
(7), forcing it downward. The steam below the piston (7) passes out 
through the port F into the exhaust pipe. As the piston (7) descends, 
the piston (S) is pulled downward, forcing the partially compressed 
air in the cylinder B out through the air-valve (9) into the main reser- 
voir. 

As the piston (S) descends, air at atmospheric pressure enters 
through tlie air-valves(U)) and (1 1 ) and fills the space above the piston 
(8). In the same way, the cylinder A alx)ve the piston (3) is also 
filled with air entering thixjugh the air-valve (10). When the piston 
(7) reaches the lower end of the cylinder C\ the valve stem (14) is 
moved downwanl and caust^s the steam valve (I) to uncover the port 
(7. Steam is now jx^rmitted to act below the piston (5), causing it to 
rise and force the air above the piston (3) through the valve (11), into 
the cylinder B above the piston (S). As the piston (5) ascends, the 
steam in the cylinder 1) passes through the port // and the cavity in 
the valve (1), into the exhaust piix\ Air entering through the air- 
valve (13) fills the cylinder .1 below the piston (3). Wlien the piston 
(5) reaches its highest point, the head on valve-stem (6) engages with 
the plate on the piston (5), and lifts the steam valve (2) until the port 
F is uncovered. The piston (7), now being at the bottom of its stroke, 
is acted on by steam from the port F, and is forced upward, discharg- 
ing the air above the piston (8) through the air-valve (12) into the 
main resen'oir. Air entering through the air-valves (13) and (4) 
fills the cylinder B below the piston (S). In this position, the plate 
on the piston (7) has lifted the valve-stem (14), causing the steam 
valve (1) to uncover the port H. Steam now acts on the top side 
of the piston (5) through the port H, forcing it downward and com- 
pleting the cycle. 

This type of air-pump is more efficient than the type represented 
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by the nine and one-half inch Westinghouse air-pump, since the air 
cylinders are proportioned such that three measures of air are com- 
pressed for two measures of steam, whereas in the Westinghouse 
pump only two measures of air are compressed for two measures of 
steam. 

New York Engineer's Brake Valve. The New York engineer's 
brake-valve performs the same fimctions as the standard Westing- 
house engineer's brake-valve. It is illustrated in Figs. 54, 55, 56, 
and 57. Fig. 54 is a side view showing the different positions of the 
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Fig. 54. Side View of New York Engineer's nrake- Valve. Showing 

DifTereui Positions of Hanille. 

handle. Fig. 55 shows a longitudinal s<»ction of tlie valve, a plan of 
the valve-seat, and the face of the slide-valve. Fig. 56 is a section 
through the feed-valve as seen from the rear. Fig. 57 is a section 
through the slide-valve as seen from the front. The action of the 
valve when in its different positions is described as follows: 

Runjiing Position. Fig. 55 shows the position of the parts when 
the handle of the brake-valve is in running position. The main 
reservoir is in communication with the chamber A ; and the brake- 
pipe, with the chamber B, The chamber C, to the right of the pistoti 
(1), is connected to a small reservoir. Wlien the handle is in running 
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position, the discharge ports E, F, and Q in the slidovalve (2) are 
closed; and air from the main resen^oir flows from tne chamber A, 
lifting the feed-valve (3), passing through the port H (see Fig. 56), 
into the cliamber B, and thence to the brake-pipe. 

Service Position. In making service appHcations, the handle of 
the brake-valve is placed in one of the service or graduating notches 
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illustrated in Fig. 54. Placing the handle in this position moves the 
slide-valve (2) to the right, uncovering the ports E and F, thus per- 
mitting brake-pipe air to escape from the chamber B to the atmos- 
phere through the passage D. Air continues to be discharged into 
the atmosphere until the pressure in the brake-pipe and chamber B 
is decreased sufficiently to permit the pressure in the chamber C 



7(1. TUK AIlMtltAKK 

{which is in communication with the small reservoir) to move the 
piston (1) to the left. This movement operates tiie small slide-valve 
(4), moving; it to the right am! closing the iM>rt E. The small reservoir 
mentioned alnive R-ceives its sup])ly of air from flie ehamlxT C, which, 
in turn, is suppliinl with air from the chamlxT H, entering through 
the IkiII chwk-valvo (■")). For light applications, the first notches are 
Ufnt] ; and for heavier ones, tli- last notches. Fiill-sen'ice application 
is obtaincil when the handle is placed in the last sen-ice notch. 

Emcrc/ency Position, \Mien the 
handle is plaa-d in emergency posi- 
tion, the slide-valve (2) is moved to 
the right nntil direct communication 
is tnjule K'tween the chamlKT B and 
the exhivust piLisafp- 1). In this po- 
.•iidon, air flows from the chamlxT li 
ihrough the port J (see Fig. 'u) in 
ill the slide-valve, ont through tlie port 
^^"^ f.'i and into the exhaust pa.s.sagc /), 
Lap Position. In this [>osition, 
all eomnu:nicatiiin is closed iH'twwn 
the main re.ser\iiir and the hnike- 
pijM'. and U'twecn the l)rake-pii)e 
and tile atmosphere. 

liflrdsr Position. When the han- 
Fin ra s.-riinji tiiniiinii (■■.■.■,i viiiv ,.i '"'' "^ pliiwl in n'leiise jxisition, the 
■■^''■"■'^'''''l^j'li;!;,';;V,:;;';','J;^^^^^^^^ slide-valve (2) is niove<l to die ex- 

treme left. In this position, the 
right end of the sli.le-valve (2) has nncovcRtl the port K (.see Fig. .W) 
in the valve-s<'iit, and niuin-reservolr air flows fn>m the ehamlxT .1 
into the dianilK-r H an<l themv to the lirake-| >![«'. .\t the .same time, 
a small i|uantity of air in the chamlxT C anil the small re.sen'oir dis- 
charges thruu^i the i>orts / and ./ into the e.xhaust passage D; and 
hrake-pi]X' pressure, acting on the piston (1 ), moves it to the po.sition 
shown in Fig. ."m, ready for ihe next s<'rvi«' application. The venf 
valve (fi) controls the |Kissage / leading to the valvc-.scat. The handle 
of the hrake-valve should not n'main in this position too long, as there 
is danger of the auxiliary R\senoirs Ix-coming overchaigeil. 

If, after an api>lication, the valve handle is placed in nmtiing 
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position, the brakes will be released; but considerable time will be 
re()uired, since the air must be supplied to the brake-pipe through the 
feed-valve (3). 

New Ycffk Quick-Action Triple Valve. Fig. 58 shows the New 
York triple valve in section. Its nction is <\mtti .similar to that of the 
Wcstinghonsc Iriplc valve. It differs in its cjuick-iiction fi-afure, 
however, in that, when an emergency applicuti<in is made, no uddi- 
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tional brake-cylinder pressure is obtained above that secured in a full- 
service application. The action of the valve in .sen'ice and emer- 
gency application is as foUow.s: 

Charging and ReUa.ic PosUIon. The different parts of the valve 
are shown in this position in Fig. 5K. Air from the brake-pipe enters 
the chamber .1, passes through the ports B and C into the chamber Z>, 
thiou^ the feed-eroove E into the chamber F, and into the auxiliary 
reservoir. Air conimues to flow into the auxiliary reservoir until its 
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pnssiirf is the same as that in the brake-pipe. The head of the piston 
(J) is ina(h' s»> as to form a eyliiulcr in which the piston (2) moves. 
Air at brake-pipe pressure enters the chamber G througli the port //, 
If air-pressure exists in the brake-cyhnder when the valve is in this 
position, it "will flow ont into the chaml)er / through the port J, the 
cavity A', and the port L, into the exhaust cavity M, to the atmosphere. 
In this position, air exhau.sts from the brake-eylimier until the brake 
is fully released. 

Service Position. When the engineer's brake-valve is placed in 
service po.sition, air is exhausted from the brake-pipe, and the pre.s.sure 



Fla !*■ New York Qiilik-Aetlou Triple Vuilve In ChareinB aad Release Position. 

is gradually reduced. The reduced pressure on the left of the piston 
(1) cau.ses auxiliary-reservoir pres.sure (on the right) to move it slowly 
to the left until it strikes the gasket (4). The motion, being slow, 
permits the air in the chamber (i to exhaust through the port H. In 
this position, the piston (1) has move<l the exhaust valve (3) to the left, 
closing the exhaust port J, and has caused the graduating valve (o) to 
uncover the port A'. Air now flows from the auxiliary reservoir, 
through the port .V, to the chiiml>er /, into the brake-cylinder. 

Lap Position. If the brake-pipe reduction has not been sufficient 
to cause full e(|ualization of the auxiliarj--pcservoir and brake-cylinder 
pressure, air will continue to flow from the auxiliary reservoir to the 
brake-cylinder until the pressure on the left of the piston (1) moves 
it toward the right. This movement of the piston (1) is stopped 
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when the left slioukler on the piston (1) strikes the left end of the 
exhaust valve (3). In this position, the jK)rt J is closed by the slide- 
valve (3), port A^ is closed by the graduating valve (5), and the valve 
is said to be lapped. 

Emergnici/ Posit urn.. The piston (1) has the same movement in 
both senice and emergency jK>sitions. 'Vhv port // is of such size 
that when the piston (1) moves slowly to the left, as in service applica- 
tions, the air in the chaml)er G is forced out without moving the piston 
(2) from the position shown. If an emergency application is desired, 
the handle of the engineer's brake-valve is moved at once to emergency 
position. This causes the brake-pipe pressure to drop very suddenly, 
and the piston (1) to move to the left so rapidly that the air in the 
chamber G cannot discharge through the port // fast enough to pre- 
vent the piston (2) from being disturbed. The result is that the 
piston (2) is moved to the left. This movement causes the valve (0) 
to be momentarily pushc»il from its seat by the stem of the piston (2). 
This allows air from the brake-pipe to enter the cavity 0, flow around 
the side to" the chamber P, and escape to the atmosphere through the 
|)ort Q. The air now in the chamber P forces the piston (7) to the 
right, which unseats the valve (8), and permits air from the auxiliary 
reservoir to flow through the port iZ, the valve (8), the chamber *S, 
the check-valve (0), and the' chamber T, into the chamber /, and 
thence to the brake-c'ylinder. As the last-mentioned passages are 
very large, full braking pressure is obtained instantaneously, ^^^lile 
the action just described is going on, air from the chamber G is being 
discharged through the port H. ^Mien it is entirely exhausted, the 
spring (10) seat5 the valve (6), and all parts occupy positions as 
described under service position, 

FOUNDATION BRAKE-GEAR 

The foundation brake-gear includes all levers, rods, beams, pins, 
etc., which serve to transmit the braking force from the piston of the 
brake-cylinder to the brake-shoes. It is important that all longitudinal 
rods should be parallel with the center line of the car w'lien the brakes 
are fully applied. The brake-beams should be hung in such a manner 
that they will always be the same distance above the rail, the reason 
l)eing that this practice reduces the chance for flat wheels, since the 
piston travel is not affected by the loading or unloading of the car. 
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Tho nnls and lovers sliould he desi^iRHl so that they will move in the 
same direction when the brakes ai-e applied by hand as when by air. 
The levers should stand approximately at right angles to the rods 
when the brakes are set. 

A number of differt»nt system^i of rods and levers have been used 
by different railroatl compam'es, with varying degires of success. The 
systems iulopted by the Master Car-Builders' Association are dia- 
gramraatically shown in Fig. oO. The four easi\s shown represent 
two general systems — those where the brake-shoes aiv hufu/ uuid^', be- 
tween the truck w-lieels, and those wlu»re they are himg outside. Freight- 
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Fig. 59. Foundation Brake-Gear Systems Adopted by Master Car-Buildt-rs' Association. 

cars are generally fitted with the brake-shoes hung inside, while 
passenger ears usually have the brake-shoes hung outside. In the 
first two systems (.1 and 5), the brake can he applied by hand from 
only one end of the car; while in the other two systems (C and D) the 
brake can be operated by hand from either end. In applying the 
brake by hand in any case, the coil spring in the brake-cylinder oflfers 
no resistance, since the push rod has no pin connection to the piston- 
rod. The piston-rod of the l)rake-cylinder is hollow. When the 
brake is operated by hand, the push rod slides outward in the hollow 
rod without moving the piston. A detailed description of the opera- 
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tion of the four systems shown is 
not thought necessar)'. One or two 
points, however, might assist to a 
clearer understanding of them. The 
lower end of the lever (1) in the 
systems A and B is fixed at 0. Tlie 
lower end of the lever (1) in the 
systems C and D is held l>y a stop 
at O, and cannot move to the left, 
but is free to move to the right, when 
the brake is operated by han<l from 
the right-hand end of the car. The 
lever (2) in all four systems has no 
fixed points. In all cases, the ar- 
rangement is such that no brake- 
shoe will press against its wheel 
with any great force until all brake- 
shoes are held firmly against their 
respective wheels, an<l all shoes press 
against the wheels with an equal 
force. 

Fig. 60, with all parts named, 
shows the application of the system 
-4 to a freight-car. No explanation 
is needed. 

Leverage. It is a well-known 
principle in Mechanics, that the 
greater the weight on a car wheel, 
the greater the brake-shoe pressure 
on that wheel necessan' to cause it 
to slide on the track. For this 
reason, in designing the brake-rig- 
ging for a car, the light, or unloade<l, 
weight of the car is the basis of all 
calculations. If the loaded weight 
of the car were used in calculating 
the levers, the proportions wnukl be 
such that if the brakes were applied 
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when the ear was unloaded, the wheels would slide. In order to 
prevent any chance arising of having flat spots worn on the wheels, 
due to the wheels sliding on the track, the following percentages of 
light weights on the wheels are usually employed in determining the 
brake-shoe pressure: 

Passenger cars 00 per cent. 

Freight cars 70 per cent. 

Tenders 100 per cent. 

Locomotive drivers 75 per cent (of weight upon the 

drivers). 

Locomotive truck 75 per cent (of weight upon the 

truck). 
These percentages are sometimes changed to meet special conditions 
which arise. 

In calculating the brake-shoe pressure of any car, one must know 
three things: Firift, the diameter of the brake-cylinder and its maxi- 
mum pressure; second, the sizes and positions of all levers in the 
system; and third, a knowledge of the theorem of moments as used in 
Mechanics. 

The principle or theorem of moments may be stated thus: The 
product of the force applied at one pin and its perpendicular distance 
from the fulcrum pin, is equal to the product of the force delivered at the 
other pin and its perpendicular distance from the fulcrum pin. This 
principle has been applied to the three different classes of levers; and 
the forces and distances have been worked out, and are shown in 
Fig. 61. The chief difficulty the beginner encounters is in locating 
the fulcrum pin.. In A, B, and C (Fig. 61), the fulcrum pin is located 
at 0, the force applied is F, and the force delivered is \\\ In any case, 
if the pull F on the lever is known, the brake-shoe pressure W can 
be determined. 

Fig. 62 represents diagrammatically the scheme of levers and rods 
commonly used on freight-cars. All distances of rods from the center 
line of the car are taken when the levers are at right angles to it. The 
brake-cylinder is 8 inches in diameter, and has an area of about 50 
scjuare inches. If the maximum brake-cylinder pressure in emergency 
applications is 60 pounds, the total pressure delivered to the push 
nxl would be 50 X 60 = 3,000 pounds. This 3,000 pounds is trans- 
mitted to the lever E at the pin (1 ). The lever E is of the class shown 
in B (Fig. 61), and its fulcrum is at the pin (3). Applying the formula 
gives 4,500 pounds delivered at the pin (2). This 4,500 pounds is 
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transmitted to the lever F, which is 
of the class shown in C (Fig. 61), 
and its fulcrum is at the pin (6). 
Applying the formula gives 1,500 
pounds delivered at the pin (4). This 
1,500 pounds is transmitted to the 
lever A, which is of the class shown 
in A (Fig. 61), and its fulcrum is at 
the pin (9). Applying the formula 
gives 6,000 pounds delivered to the 
brake-beam at the pin (8). In a 
similar manner the other brake-beam 
pressures can be determined. In 
the* figure, the calculation has been 
carried through for both service and 
emergency applications. 

It is seen that 6,000 pounds is 
transmitted to the middle of each of 
the four brake-beams. Each brake- 
shoe will then receive a pressure of 
3,000 pounds. Since there are eight 
wheels, the total braking pressure 
will be 8 X 3,000 = 24,000 pounds. 
This total braking pressure must not 
exceed 70 per cent of the unloaded 
weight of the car. 

Automatic Slack-Adjuster. Full 
braking pressure will be secured as 
long as the maximum allowable 
brake-cylinder pressure can be 
maintained. Since the brake-cylin- 
der pressure dej^nds upon the length 
of stroke of the piston, it follows 
that the stroke of the piston should 
be kept as nearly constant as possi- 
ble. ITie gn»ater the stroke, the less 
ihv pressure. The stroke of the 
piston should be kept at about 8 
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inches. As the brake-shoes and various connections wear, the 
stroke of the piston is increased, and the pressure with which the 
shoes are forced against the wheels is decreased. In order to com- 
pensate for this wear, sonie means must be provided for taking up the 



slack. This is done in one of two ways, eitlier by clianging the fulcrum 
pin of the dead lever (see Fig. 60) or by using the aviomatui slack- 
adjuster. The first method of adjustment is the one most commonly 
used, and is necessarily very coarsely graded. The avtomaiic slack- 



. Pftrt Soctloiiftl Vlaw or Aatomatlo Slkck-AdJOBWr. 



adjuster, when used at all, is usually fitted to the passenger-car equip- 
ment. 

The aulortialic .lUwk-adjiiater, illustrated in Figs. (iS and tH, is 
manufactured by the Westinghouse Aii^Brake Company. The 
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purpose of the apparatus is to maintain a constant, predetermined 
piston travel. The brake-cylinder piston acts as a valve to control the 
admission and release of air to the pipe B through the port A. When- 
ever the stroke of the brake-cylinder piston is so great that the port 
A is passed by the piston, air from the cylinder enters the port A into 
the pii>e //, and enters the cylinder C, which is shown in section in Fifj, 
()4. The air entering the small cylinder acts on the piston (1) forcing 
it to the left, eompre.ssing the spring (2), anil enusing the small pawl 
(3) to engage the ratchet wheel (4). Wlien the brake is released, the 
brake-cylinder pist<m returns, and air in the small cylinder C escapes 
to the atmosphere through the pii>e D and the port .1, thus permitting 
the spring (2) to force the piston (1) to its normal position. In so 
doing, the pawl (3) turns the ratchet wheel (4) on the screw (5), and 



Fig. «. Ouislilc Eiii.all7.ed UriivMlriike for LotomntU-ti. 

thereby draws the fulcniin end of the lever (d) slightly nearer the 
slack-adjuster cylinder ('. Kaeh operation of the piston (1), as just 
described, reduce.s the brakc-<ylinder pi.st(m travel about ^V "^ *■* 
inch, VpTien the piston (1) is in its normal position, the outer end of 
the pawl (3) is lifted, permitting the screw (5) to be turned by hand. 

Locomotive-[)river Brakes. The brakes are applied to the 
drivers of a lix-onmlive in two f,'eni'ral ways— by the uiitiidc equalized 
sy.stem, as illnstratcd in Kig. (i-'j; and by ram-a, as shown in Fig. 60. 
The former scheme has practically wpliiccd the latter because of its 
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being simpler in design and adjustment. Tlie brake-evlinders and 
auxiliary resiTVoirs use<l on kK'omotives are usually pn)portioned so 
that the pressure in the brake-eylinder will ecjualize at 50 pounds. 
In the system shown in Fig. 65, the levers are constnicted so that each 
wheel receives the same braking pressure. If the brake-cylinder is 
14 inches in diameter and the cylinder ])ressure is 50 pounds, the 
pressure delivered at the pin A is alK>ut 7,050 pounds, while that on 
each wheel is 10,200 pounds. These values, of course, are different 
for different locomotives. The stroke of the piston is regulated by 
the adjusting mechanism at B. 

The action of the cam driver-brake is shown in Fig. 66. Wlien 
air is admitted to the bnike-cylinder, the piston is forced downward. 




Flj?. 67. Locomotivo-Tnick Brake. 

Tliis action pushes down the cr()sshea<l cams, which force the brake- 
shoes against the drivers. 'Jlie piston travel is controlled l)y adju.sting 
the cam nut on each cam. 

Locomotive-Truck Brake. In certain ty}x*s of locomotives, a 
considerable proportion of the weight of the locomotive is carried on 
the truck. It follows, that in order to develop the full braking power 
of the locomotive, a well-designed tnick l>rake should be providefl. 
The type of brake shown in Fig. 07 is frequently used. It is fitted 
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witli un autuiiiatio slack-adjuster. This feature is not so important 
here as on thv oar e<|uipinent. 

WESTINOHOUSE TRAIN AIR-SIQNAL SYSTEM 

The train signal system is very essential in maintaining fast 
scliedules with pa-'isengcr trains. Its objeet is to furnish a means of 
communieatlon l>etwi.rn tlie trainmen and engincmen. It is made 
up of the following principal parts; 

1. A 3-inch isiyiiul pific, whicli uxtcndit throughout the length of the 
in, being connected between cum by flexible liose and suitable couplings, 

2. A redueiitg valve, vrhich ia located on the engine, and which feeds 
from the main reservoir into the signal pipe at 40 pounds' pressure. 

3. A signal lytlre and whistle, located in the cab and CoiUicct«d to the 
ignal pipe. 

4. A ear discharge valve, locutcd on each car, which is connected to the 
ignal pipe. 

The action of the signal system is automatic. If an aoeident 
happens to the train, which breaks the signal pijw, the pressure in the 
signal pipe is reduced, and the 

whi&f'e in the cab blows a blast. ' |,S 

The trainmen signal the engiuemen •" 

by opening the eard ischai^ valve, 
which reduces the pressure in the 
signal pipe. This reduction of pres- 
sure in the signal pipe operates tin- 
signal valve in the cab, which admits 
air to the whistle. The operation ' 
of the various parts is as follows: 

Reducing Valve. A section 

through the reducing valve is shown 

in Fig. 68. This valve is locateil in 

a suitable place on the locomotive. 

f, . . ■ ■ » „ Fig, «e. Section throngli ReltuclliK 

Its purpose is to receive air from Valve in Wealtngbougc Air- 

., . . I » J -. ■ . signal System. 

the main reservoir and feed it into 

the signal pipe, maintaining a pressure of 40 pounds. When no air 

is in the system, the parts occupy the jjosition shown. When air is 

admitted from the main reservoir, it flows through the passage A and 

the supply valve (1), into the chamber B and out through the port O 

into the main signal pipe. When the air in the main signal pipe attains 
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a prfssure of 40 pounds, the jmvssiiu' in the chamljcr B, acting on the 
piston (2), forces it downward, compressing the spring (3). This 
permits the spring (4) to close the supply valve (1). No more air can 
then enter the signal pipe until its pressure bectjines reduced so that the 
spring (3) will forc-e the piston (2)upwar(l and lift the supply valve (1 ). 
Signal Valrc. The signal valve contnils the supply of air to tlu^ 
whistle. \\'hencver a reduction of air-pressure (K-curs in the signal 
pipe, the signal valve admits air to the whistle. A section of the valve 
is shown in Fig. 69. The two compartments .1 and B are divided by 



Fig. •». Section through Signal ValTs la WeBlingbouHe AlrSlgnal Syatein. 

the diaphragm {1} to which is attached the stem (2). The stem (2) is 
milled triangular in section from the lower end to the peripheral 
groove (3), Above the groove (3), the stem (2) fits the bush (4) 
snugly. The lower end of the stem (2) acts as a valve on the seat (5). 
Air enters the signal valve from the signal pipe, through the passa^ C. 
It then passes through the small port D into the chamber A, and 
through the passage E, around the stem (2), into the chamber B. 
This charges the chambers A and B to signal-pipe pressure. A sudden 
reduction in signal-pipe pressure reduces the pressure in the chamber 
yt; and the diaphragm (1), acted on by the pressure in the chamber 
B, rises, lifting the stem (2) and momentarily permitting air to pass 
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from the signal pipe lo the whistle. The resulting blast of the whistle 
is a signal to the enginemen. This same reduction of pressure in the 
signal pipe causes the reducing valve to recharge the system. The 
pressure in the chambers A and B equalizes quickly, and the lower end 
of the stem (2) returns to its seat. 

Car Discharge Valve. The discharge valve is usually located 
outside the car, above the door, in such a position that the signal cord 
passing through the car can easily be 
fastened to the small iever of the valve. 




Signal 

Pip© 



Pig, ?a. Section through Car Dlaohi.rge 
Valre In WitsHlnKhousc Air- 
Signal System. 

Fig. 70 is a section of the valve. The vaive is connected to a 
branch pipe whicli extends from the signal pipe. The signal cord is 
connected to the eye in lever (1 ). Each pull in the signal cord causes 
the lever (1) to open the check-valve (2), permitting air to escape 
from the signal pipe. This causes a reduction in the signal pipe, 
which, in turn, cniises the whistle to blow as previously descrilied. 
The spring {3} clo.ses the valve (2) wlien the signal cord is not held. 
For the successful operation of the signal system, tlie signal pipe 
must be perfectly tight. Care must Ix- exerci.se<l in using the «ir dis- 
chai^ valve, that sufficient time is pennitte<l to elapse between si 
sive discharges. 



8G THE AIR-BRAKE 



SPECIAL INSTRUCTIONS IN USE AND CARE 

OF AIR-BRAKE EQUIPMENT 

Train Inspection. When a train is made up at a terminal, the 
air hose should all be coupled, and the angle-cocks all opened except 
the one at the rear end of the last car. The brake-pipe should then 
be charged to about 40 pounds, in order that the inspector may examine 
for leaks. When the brake-pipe has been fully charged, the engineer 
should apply the brake by making a light reduction in the brake-pipe, 
which should then be followed by a full-service application. He 
should note the time required in making these reductions, in order to 
be assured that all pistons are moved past the leakage groove when 
the train is out upon the road. The engineer, after making the full 
reduction, should leave his brake-valve in lap position until the 
inspector has examined the brake under every car. It should be the 
duty of the engineer to see that the brake equipment on the locomo- 
tive is in proper working order. 

Running Test. In passenger service, when a locomotive has been 
changed or a train made up, the engineer should make a running test 
within one mile of the station, as follows: A brake-pipe reduction of 
about 5 pounds should be made. If the brakes are felt to be apply- 
ing, and the time of the discharge is proportional to the number of 
cars in the train, the engineer will conclude that the brake is in proper 
working order. It is well, also, to make this test on approaching 
hazardous places. 

Service Applications. In making a service application of the 
brakes, the first reduction should be about 5 pounds on a train of 30 
cars or less, and about 7 pounds on a train exceeding 30 cars. This 
will insure the travel of all pistons beyond the leakage groove. Sub- 
sequent reductions of from two to three pounds can be made, to increase 
the braking power, if desired. A reduction of 25 to 30 pounds will 
make a full-service application. This should seldom be made, as it 
requires some time to recharge the system and release the brakes. 

In stopping a passenger train, two applications should be used: 
the first should reduce the speed of the train to about 8 mUes an noai 
when the train is within two or three car lengths of the point at which 
the train is to be stopped. Moving the brake-valve handle to release 
position for only sufficient time to release all brakes, then returning it 
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to lap position, will make it possible for a second light application to 
stop the train. Just before all stops of passenger trains, except exact- 
position stops at water stations and coal chutes, the brakes should 
be released to avoid shocks to passengers. This release should be 
made on the last revolution of the drivers. If it should be made too 
soon, and the train keep on moving, the engineer's brake-valve should 
be moved to service position until the train stops 

In making stops of freight trains, the best practice is to shut oti 
the steam, and allow the slack to run in before applying the brakes. 
The stop should be made with one application of the brakes. After 
the first reduction is made, if there are any leaks in the brake-pipe, 
the braking force will be increased, and any subsequent reduction 
should be made less, in order to make up for these leaks. 

In stopping a long freight train at water stations and coal chutes, 
it is best to stop short of the place, cut off, and run up with the locomo- 
tive alone. 

On a freight train, where the locomotive is not equipped with the 
straight air-brake, the brakes should not be released when the speed 
of the train is 10 miles per hour or less. If this is done, the brakes in 
the front of the train will release, and, as the slack nms out, the train 
may part. If the locomotive is equipped with straight air, the train 
brakes can be released after the locomotive brakes are set, without 
danger of parting the train. This can also be accomplished by the 
use of the Westinghouse "E T" equipment. 

Emergency Applications. The emergency application should 
never be used, except in case of an emergency. If the necessity arises, 
an emergency application may be made after a service reduction of 
about 15 pounds. 

In case an emergency is caused by the train parting, hose burst- 
ing, or the conductor's valve being opened, the engineer should place 
his valve on lap, in order to save the main-reservoir air. 

Use of Sand. The use of sand increases tlie braking power of a 
train, and should be made in emergency stops. If sand is used in ser\'ice 
stops, it should be applied some time before the brakes are applied, in 
order to have sand under the entire train. If, for any reason, the 
wheels should skid, do not apply the sand, as it.will produce flat spots 
on the wheels. 

Pressure-Retaining Valve. In holding trains on grades, a part or 
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all of the retaining valves are set to hold 15 pounds in the brake- 
cylinder. If only part are set, those in the front of the train should be 
used. 

Backing Up Trains. In backing up freight trains, the train should 
be stopped by the hand-brakes on the leading end of the train, for the 
reason that if air were used, the brakes would apply on the cars near 
the engine and the leading cars might cause a break-in-two. 

'In backing up a passenger train, where the train is controlled by 
a man on the leading car by means of an angle-cock, the engineer's 
valve should be in running position. This gives the man on the rear 
of the train full control of the brakes. As soon as the engineer feels 
the brake apply, he should place his valve on lap. 

Double-Heading. When two or more locomotives are coupled 
in the same train, the brakes are operated by the leading locomotive. 
The cut-out cocks in the brake-pipe just below the engineer's valve 
on all locomotives but the first, should be closed. The pumps on all 
engines should be kept running. 

Conductor's Brake- Valve. A conductor's brake-valve is located 
on each passenger car. The purpose of this valve is that the conductor 
may stop tlie train in case of emergency; if the engineer's brake-valve 
should fail to operate, he may signal the conductor to apply the brakes 
by opening the valve. 

Use of Angle^^ocks. In setting a car out of a train, first release 
the brakes, then close the angle-cock on both sides of the hose to 
be disconnected, and finally disconnect the hose by hand. Before 
leaving a car on the side track, the air-brakes should first be released 
by opening the release valve on the auxiliary reservoir; and if the car 
is on a grade, the hand-brake should be set. 

The angle-cock should not be opened on the head end of a train 
while the locomotive is detached. When connecting a locomotive 
to a train that is already charged with air, the angle-cock at tlie rear of 
the tender should be opened first, to allow^ the hose to become charged 
and thus prevent a slight reduction in the brake-pipe, which might set 
the brakes. All angle-cocks upon charged brake-pipes should be 
opened slowly. 

Cutting Out Brakes. If the brake equipment on any car is defec- 
tive, it may l)e cut out by closing the cut-out cock in the branch pipe 
leading from the brake-pipe to the triple valve. The release valve on 
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the auxiliary resen'oir should l)e opened to discharge the air. Never 
more than three cars with their brakes cut out should be placed together 
in a train, on account of the emergency feature being unable to skip 
more than this number. 

Air-Pump. The air-pump should be run slowly with the drain- 
cocks open until the steam cylinder becomes warm and suflBcient air- 
pressure has been attained to cushion the air, after which time the 
throttle may be fully opened. The lubricator should be in operation 
as soon as possible after starting, and the swab on the piston-rod 
should be kept well oiled. The air cylinder should receive oil each 
trip. Valve oil should be used, and it should be inserted through 
the oil-cup provided for that purpose, and not through the air 

strainer. 

Engineer's Brake- Valve. With the handle in running position, 
the main-reseiToir pressure should be maintained at 90 pounds, and 
the brake-pipe at 70 pounds. This requires that the springs in the 
pump-governor and feed-valve must be carefully adjusted, and that 
no leaks exist between ports in the rotary valve. The rotary valve 
should he cleaned and oiled when necessary; and if leaks exist, the 
valve should be scraped to a fit. 

Triple Valve and Brake-Cylinders. These should receive an 
occasional cleaning and oiling, in order that they may be relied upon 
to fulfil their function. In cleaning the cylinder, special attention 
should be given to removing any deposit in the leakage groove. 
The walls of the cylinder should be coated with suitable oil or 
grease, and all bolts in the cylinder-head and follower should be kept 
tight. 

In cleaning the triple valve, a common practice is to place the 
removable parts in kerosene until the other parts and the brake- 
cylinder have been cleaned. The parts are then removed, cleaned, 
oiled, and replaced. Special care should be given to the slide-valve 
and its seat, and to the graduating valve. All lijit should be removed 
before replacing the parts. The piston packing-ring should never be 
removed, except for renewing. A few drops of oil is all that is neces- 
sary for lubricating the entire triple valve. No oil should be permitted 
to get upon the gaskets or rubber-seated valve. The graduating- 
valve and check-valve springs should be examined, and, if necessary, 
renewed. 
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AIR-BRAKES AS APPLIED TO ELECTRIC CARS 

'ITiat electric street-cars and iiitcnirbaii cars should be oquipped 
with reliable and efficient braking apparatus, is a well-established fact. 
It is cinphastzed by the fre<|iieiit accidents which occur on roads 
where ]KM>rIy constnicted brakiiij; appliances are used. The modern 
elecfric car i.s several times heavier than ears used a dec"ade ago, and 
sj)eeds have increase*] remarkably, yet we frequently find cars fitted 
with bntking apparatus but little l)etter than that used in the days of 
the horse-car. Of recent years, the mo.st progressive roads have 
given much attention to the construction of equipment, in order to 
insure the safety of their passengers, and, as a result, braking appliances 
have been greatly improved. ■• 

The hand-brake was the first form of brake usi-d on electric cars, 
and is still quite largely ustsl. It is found to-ilay on most cars fittol 
with air-bntkes, to U' uset! iii ca,sc 
iif necessity. The early forms of 
the hand-brake consisted of a brake- 
staff loi-ate* I at either end of the ear, 
' liaviiig a chain connecteii to the 
lower end of the stafT. As the han- 
dk- is turned, the ehani is wound 
up on the stall', and the resulting 
motion actuates the rods and levers 
which bring the brake-,shoes in con- 
fact with the wheels. An iniprc)ve<i 
form of brake-staff is that shown in 
Fig. 72. Here the winding drum 
takes the form of a spiral cam. In 
operation, the slack in the chain 
is (juickly taken up and a very 

™ -.. ,. .-,. . - , great braking pressure can be ob- 

taincd. 
The first form of air-brake installed on electric ears was the 
Straight Air-Brake system. It is lai^ly used to-day, as is also the 
Automatic Air-Brake system. The Straight Air-Brake system la 
usually found on trains of not more than two cars in length. Since 
electric roads do not at this time interchange cars to any great extent, 
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there is no very j^^eat necessity for interchangeable air-brake apparatus. 
As a result, there are a number of different types of air-brake appara- 
tus found in use on electric cars. All operate more or less upon the 
same general principles. 

As the space allotted to this subject is limited, only one system 
will lx> descrilx^d, namely — the Westinghouse system. '^Phis system 
is chosen, since it represents in a general way other systems iu use on 
many roads. 

Westinghouse Straight Air-Brake. The action of the Westing- 
house Straight Air-Brake systeni for electric cars is the same as that 
already described for steam roads (see page 11). 

The system is composed of the following principal parts: 

1. An air-compressor y operated by an electric motor, to provide com- 
pressed air. 

2. A governor which automatically controls the action of the compressor, 
thereby maintaining the supply of compressed air at the proper pressure. 

3. A system of wiringj with the proper switches, fuse-boxes, etc., which 
connect the trolley current to the governor and compressor. 

4. A large reservoir in which compressed air is stored. 

5. A brake-cylinder and piston^ the piston-rod of which is connected 
to the brake-rods in such a manner that when compressed air is admitted to the 
cylinder, and the piston moves outward, the brake-shoes are pressed against 
the tread of the wheels. 

6. An operating valve placed at either end of the car, by means of which 
compressed air can be admitted from the reservoir into the brake-cylinder 
and exhausted from the brake-cylinder to the atmosphere. 

7. A system of piping connecting the above-mentioned parts, and, 
when trailers are used, including flexible hose and couplings and cut-out 
cocks. 

8. A safety-t'alve connected to the reservoir to prevent too great an 
accumulation of air should the governor fail to operate. 

9. A chime whistle ronnected to the air-supply, to be used as a warn- 
ing of approach. 

The general arrangc»ment, names, and relative location of all 
parts, are shown diagrammatically in Fig. 73. 

OperaHng the Hiraujht Air-Brake, The operating valve has 
notches place<l upon it which mark the position of the handle for the 
various positions of the valve. This fact (enables one to operate 
the brake w4th certainty the first time, but smooth and accurate stops 
ciin be made only after a little practice. Beginning from the right and 
going to the left, the different positions of the valve handle are as 
follows: Emergeri'Cy position, service posiiimiy lap position, and 
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release position (see Fig. 83). When the handle is in the lap position, 
as indicated by the deep notch, the main ports in the valve are closed, 
and compressed air cannot enter the brake-cylinder from the reservoir, 
and any compressed air which may be in the brake-cylinder cannot 
exhaust into the atmosphere. If the handle is now moved from this 
position to the extreme left, it will then occupy the release position. 
In this position, any air which may have been in the brake-cylinder 
will be exhausted into the atmosphere, and the brake will be released. 
This is the position the handle should occupy while running on a level 
track. If the handle is moved from the release position to the service 
position, air wull flow very slowly from the reservoir into the brake- 
cylinder, and service application results. If, however, the handle is 
moved from the release position to the extreme right (the emergency 
position), a large amount of air rushes from the reservoir into the 
brake-cylinder, and an emergency application is obtained. If the car 
is coasting down a grade, and the handle is moved to the service position 
for an instant and immediately returned to lap position, a small amount 
of air is admitted to the brakc-cylirfder and retained, thus holding the 
brakes applied. With a little experience, the proper amount of air 
can be admitted to the brake-cylinder in order that a constant speed 
may be maintained. If too much air is admitted into the brake- 
cylinder, a small portion can l>e exhausted by throwing the handle to 
release position for an instant, then back to lap position. 

The (juickest stop possible is made by throwing the handle at 
tuice to the emergency position, giving to the wheels the greatest possi- 
ble braking pressure. The higher the speed, the greater the pressure 
that can be applied without danger of sliding the wheels. Thus it is 
seen that the quickest stop can be made by applying at once full brak- 
ing pressure (depending on the speed), and gradually releashig as the 
speed decreases. This method insures a smooth stop, as the rapid 
reduction of speed at the end of the stop, which throws passengers 
forward, is avoided. In making a service stop, about tw-enty-five 
or thirty pounds of air-pressure should be quickly admitted to the 
brake-cylinder, and gradually reduced as the speed decreases, retaining 
about ten pounds in the cylinder until the car stops. A little experi- 
ence is necessary in onler to know just what pressures to use to be 
able to stop in a given distance. A succession of applications and 
release in stopping a car imparts a very disagreeable motion to the 
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car, and is very wasteful of compressed air. In making emergency 
applications, the handle is thrown to the emergency position, and 
brake-cyUnfier pressure of, say, 60 pounds is obtained almost instantly. 
Sand should then be applied, and the handle be brought at once to the 




lap position. The brake-cylinder pressure should then be released 
little by little as the speed drops. 

When the signal is received to go ahead, the handle should oe 
placed in release jxisition before turning on the power. 'When 
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descending a grade, the inexperienced man usually makes the mistake 
of applying the brake too hard at the start. It should be borne in 
mind that the car will not at once take the speed desired, and that 
some time is required for conditions to become constant. An easy 
application should first be made, and the handle held on lap until the 
car has sufficient time to feel the effect of the brake. If the speed of 
the car is still too high, let in a little more air, and repeat tlie operation 
as often as is necessary until off the grade. 

The following instructions are ^ven by the Westinghouae Com- 
pany to motormen : 

"When leaving the car, ulwaye 
sol up the hand-brake, as boihc one 
might tamper with the cut-out cocks. 
Before starting from the car-barn, be 
sure all cocks are properly set, and 
that there is a good supply of air in 
the reservoir. Insert the handle in ita 
socket in the operating valve, and 
throw it around to emergency, then 
back to release, to see that it works 
freely. Try the air-brake both in 
terrice and in emergency, to make sure 
that it has not been left improperly 
connected, etc. After this trial, and 
as long as proper pressure is maia- 
tained, the brake may be relied upon 
to perform its duty." 

Air-Compressor. The air- 
compressor may be either axle- 
driven or motor-driven. Since 
there are some objections raised 
against using the axle-driven 
compressor, and since the motor- 
driven compressor is more com- 
monly Used, it is deemed advisa- 
ble to confine ourselves to the 

, . r> • Fig. 7S. Motor- Drl\'ea Alr.CDmpreHsor. 

motor-driven compressor. Refer- 
ence will Ixr made to Figs. 74, 75, and 7(1. All metal parts, such na 
pistons, rods, frames, etc., will be referred to as 1, 2, 3, etc., while all 
cavities and chambers will be called A, B, C, etc. 

The motor is of the series type, having an opening at the coin- 
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mutator end which pennits of ready access to the commutator. This 
opening is provided with a tight-fitting door which excludes all dirt, 
dust, and moisture. In the ends of the frame are fitted heads (1) 
and (2), which provide bearings for the ends of the armature. Each 
bearing is provided with two oil-rings which secure proper lubrication 
of the shaft. Oil-holes are provided for filling the oil-wells, and the 
location is such that there is no danger of flooding the interior of the 




Fig. 76. Air-Compressor Suspended in Cradle under Car, 

motor with oil. A passageway at the pinion end conducts any excess 
of gear-lubricating oil to the bottom of the gear case, thus assisting in 
preventing any flooding of the motor. Two of the poles of the motor 
are a part of the frame (3), and two are made up of soft laminated iron 
(4) bolted to the frame. The armature (5) is made up of soft-steel 
punchings which have accurately spaced slots in which are imbedded 
coils of uniform size. The brush-holders (6) are made of brass and 
are bolted to a cast-iron yoke with proper insulation. The brushes 
are carbon, and are held against the armature by coiled springs. 

The action of the compressor in compressing air is as follows: 
Air is drawn through the suction screen (7), lifts the check-valves (8), 
and passes through the ports A into the cylinders B, On the return 
stroke, the compressed air is forced out through the ports C, lifting the 
discharge valves (9), then passing into the chamber D, and finally 
into the discharge pipe E. The suction and discharge valves are 
made of steel, and are accessible by removing the caps (10) and (11), 
rcspc^ctively. These valves do not have any coiled springs to seat 
them, but close by gravity. 
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The pistons (12) are accurately fitted with rings, and are made 
long so as to reduce the amount of wear. When repairing the pump, 
the rings should always be kept with the piston to which they belong. 
The wrist-pin (13) is made of steel, and works on a bronze bushing in 
the connecting rod. The crank end of the connecting rod is lined 
with babbitt which works on the crank, and has suitable means for 
adjustment. The center line of the cylinders is placed above that of 
the crank-shaft, in order that the angularity of the connecting rod 
may be reduced during the compression stroke. This reduces the 
vertical component of the thrust on the pistons, and thereby reduces 
the amount of wear on the cylinders. It should be remembered, how- 
ever, that the pump should always run with the compression part of 
the stroke on the upper half of the revolution. The crank-shaft is 
made of forged steel, and has two bronze bearings, one at either end, 
and a babbitt l^earing in the middle. The crank-shaft bearings, 
wrist-pins, and crank-pins are lubricated by the splash system, from 
a bath of oil in the crank-case. The gear wheels (14) and (15) are of 
the herringbone type, and are lubricated from a bath of oil in the dust- 
proof gear-case. 

An air-compressor heats ver}^ rapidly when in operation, if no 
means are provided to conduct the heat away. For this reason, com- 
pressors which are designed for continuous service are always water- 
jacketed. Since compressors for electric-car service are used inter- 
mittently, they have time to cool, and a water-jacket is unnecessary. 
Experience has shown that such a compressor as just described, when 
compressing air at 100 pounds per scjuare inch, should not run longer 
than 15 minutes at a time, and should then be permitted to cool at 
least fifteen minutes. This compressor is suspended under the car, 
in the position shown in Fig. 70, when in service. The method of 
suspension permits of its Iwing readily removed for repairing. 

Pump-Governor. The location of the governor is shown in Fig. 
73. Its purpose is to start and stop the compressor in order to main- 
tain a predetermined pressure, by alternately making and breaking 
the circuit leading to the motor. A front view of the governor is 
shown in Fig. 77, and sections are shown in Figs. 78 and 79. The 
chamber A is in communication with the resen^oir. The other side 
of the diaphragm (1 ) .vhicli forms one wall of the chamber A is open 
to the atmosphere. The diaphragm (1), therefore, is subjected to 
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rpsenoir pressure on one side and atmospheric pressure and the regu- 
lating spring (2) on the other. The slide-valve (3) b connected to 
the diaphragm (1) in such a manner that any movement of the latter 
operates the former. When the maximum pressure is attained, the 




pis. 77. Pump-Governor Tor Air-Compressor, Front View. 

regulating spring (2) is so adjusted that the diaphragm (1) is pressed 
downward. This moves the slide-valve (3) and uncovers the port B, 
which is in communication with the chamber C. The air-pres5ure 
now in the chamber C forces the piston (4) upward, thereby opening 
the switch in the motor cireuit, and the motor stops. When the air^ 
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pressure in the reser\'oir drops slightly, and consequently the pressure 
above the diaphragm (1) is reduced, the regulating spring (2) forces 
the diaphragm upward, which also moves the slide-valve (3) and con- 
nects the port B with the exhaust port D. Air from the chamber C 



pig. TB. Secllon through Pump-Governor tor Air-Compressor. 

is now exhausted into the atmosphere ; the piston (4) moves downward 
and closes the switch in the motor circuit ; and the pump starts. This 
action continues, and maintains the required pressure in the reservoir. 
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Fig. TO. Pump-Qorernor for Air-Compressor, Side View. 
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The mechanism on the upper part of the governor acts so as to cause 
the switch to open and close very rapidly, and thus avoids undue 
arcing. TTie pressure at which the governor cuts out the motor is 
controlled by adjusting the regulating spring (2) by means of the nuts 
(5). The governor may be located either under the car or in one end 
of the car. 

The electric apparatus above descril)C(! is for direct current. 
Altemating-ciirrent motors and governors are being used to some 
extent, but have not yet come into very general use- 
Reservoir. The reservoir should have a sufficient capacity to 
supply air for three or four applications without reducing the pressure 
more than 15 pounds. It is conveniently located under the car, and 
its dimensions depend upon the size of the brake-cylinder used. It 
ser^'es to collect moisture and oil, and prevents them from being carried 
further into the system. It should be drained frequently, as its capa- 
city for stored air will be reduced proportionally to the volume of water 
it contains. 

Brake-Cylinder. The brako-eylinder shown in Fig. 80 is of the 



Fli.-- SO- nr;il!e-Cj Under ot Holloiv.Rod Type. 

hollow-rod type. The piston is connected to the brake-ri^ng in such 
a way that it moves only when the power-brake is used. When the 
hand-brake is used, no movement of the piston occurs. The piston 
rod (1) is made hollow to receive the push rod. A leather packings 
ring (2) is provided which prevents air from leaking around the piston. 
The leather packing-ring is held against the walls of the cylinder by 
means of the round spring expander (3). The cylinder-head (4) 
may be either plain or as shown. That shown is constructed to 
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receive an automatic slack-ai I j lister (see page 79), which is sometimes 
used with the automatic system. 

When an application is made, air enters behind the piston and 
forces it outward, compressing the release spring (5). When the air is 
exhausted from the cyhn(KT, the release spring (5) pushes the piston 
l»ack to its normal position. Cylinder head (d) Is consfnicte<l so as to 
provide a place for the coil spring when the piston Is forced outward. 



Fla, 81. Operat-lDg Valve of Wesllngbouse Stralsht Air-Rrake. 
" ^-iew ShowlDR Sliae-Vftlve. 

The size of the cylinder depends on the design of the brake-rigging 
and on the weight of the car. The sizes commonly used are 8, 10, 
and 12 inches in diameter. 

Operating Valve. The purpose and operation of the operating 
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valve has already been described (see page 91). The four positions 
of the valve are: Emergency, service, lap, and release. 

When in emei^ncy position, full braking pressure b obtained 
almost instantaneously, and b used in avoiding collisions and making 
quick stops. In this position, direct communication is made between 
the reservoir and the brake-cylinder. The rail should always be 
sanded to avoid the possibility of 
slipping the wheel, which would 
result in making a poor stop and 
would probably cause a flat spot on 
the wheel. 

In service position, air enters 
the brake-cylinder pipe through a 
small port in the operating valve, 
and applies the brake very slowly. 

Wlien in lap position, the ports 
in the operating valve are blocked, 
and air can flow neither to nor from 
the brake-cylinder. If the brake 
is applied, it will remain so until the 
valve is thrown to release position. 

If the valve is placed in release 
position, the cylinder and exhaust 
ports are connected, and only atmos- 
pheric pressure will remain in the 
cylinder. If the brake has been ap- 
plied, it will release when the valve 
is placed in this position. 

In describing the operating 

valve, reference will be made to 

^ ^r. I nil rm 1 ■ ^2- **■ Operating VMve of westing. 

FlSS. 81, 82, and 83. The valve is houseStralgUt Air-Breke.VlewShow. 

^ Ing Reservoir Cavity. 

cast in two parts — the base (1) and 

the head and body (2). On the top of the head is a double gauge (3) ; 
the red hand indicates the reservoir pressure; and the black hand, the 
brake-cylinder pressure. Just below the gauge is a socket into which 
fits the operating handle (4) which is removable. In swinging from 
release position to emergency position, the handle turns through about 
130 degrees. The handle can be inserted and withdrawn only when 
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the valve is in lap position. When the handle is withdrawn, the latch 
(5) is thrown into position by a small spring, and the valve is perma- 
nently locked until the handle is again inserted. Just below the handle 
socket is a second one which contains a bolt (6) actuated by a spring. 
As the handle is turned, the head of the bolt (6) passes over notches 
which serve to indicate when the valve is in the proper position. 
Connected to the lower side of the socket is the stem (7) having a 



Top View 




Pressure 



Valve 5eat 




F^g. 88. Top View and Val ve-Seat of Westlnghouse Straight Air-Brake. 

pinion fitted to its lower end, which actuates the rack (8). The rack 
(8) is connected to and operates the slide-valve (9). The spring plate 
(10) does not act as a stop for the slide-valve (9), but is used only to 
assist in getting the valve in the proper position when assembling 
the parts. The slide-valve (9) moves between suitable guides (11) 
and (12). The chamber A is always in communication with the 
reservoir, and a port leads to the gauge above, which indicates the 
pressure. In the figure, the valve is shown in release position; air 
passes from the cylinder through the pipe B, the port C, the cavity D, 
the port E, thence to the exhaust pipe. When the valve is in emer- 
gency position, the right-hand edge, of the slide-valve (9) registers 
with the left-hand edge of the port C. Air then passes from the 
chamber A, through the ports C and F, through the pipe B, to the 
brake-cylinder. In this position, the port E is blocked. In lap 
position, the right-hand portion of the slide-valve (9) covers the ports 
C and F, and the port E is blocked. The port G connects the brake- 
cylinder pipe with the gauge above, which indicates the cylinder 
pressure. 
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Another form of this operating valve is sometimes used which has 
no gauge at the top to indicate the cylinder and reservoir pressures. 
The operation of the valve is the same as in the case of the one just 
described. 

The valve just described is sometimes used in a modified form 
as shown in Fig. 84. Here the operating handle and valve parts are 




separate, and the valve parts are bolted to the floor of the car. In 
operating this brake, the handle must be thrown in a way the reverse 
of that just described, but otherwise the operation of the valve is the 
same as previously given. 
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Piping. Referring to Fig. 73, the sizes of the various pipes are 
as follows: 

The train-pipe connecting the brake-cylinder with the operating 
valve should be a standard J-inch pipe. If more than one trailer is 
used, a j-inch pipe should be used. 

The reservoir pipe, connecting the reservoir with the operating 
valve b a J-inch pipe, A f-inch pipe is better if it can be used con- 
veniently. 

The pump-governor and whistle connections are made with 
J-inch pipes. Wherever possible, long bends 
in pipes should be used, rather than a stand- 
ard elbow fitting. 

Safety- Valve. The safety-valve should be 
connected to the reservoir line leading to 
the controlling valve, at a point near the 
reservoir. Its operation may be understood 
by reference to Fig, 85. It can be set for 
any pressure by adjusting the regulating 
spring (1) by means of the nut (2). 

In an axle-driven compressor equipment, 
a slight change in the piping is necessary 
from that above described. Since the com- 
pressor is mounted on the truck, and has 
some movement relative to the car frame 
which carries the reser\'oir, flexible hose con- 
nections are necessary, to make connections 
to the reservoir and also to the compressor 
regulator. A small reservoir is also used 
which receives air from the compressor. 
This small reservoir is connected to the 
main reservoir by a pipe containing a regu- 
P^ lating valve. The air attains a pressure of 
about 35 pounds in the small reservoir be- 
^M^nBho'f^striTgbt' fore any air passes into the main reservoir. 
Air-Brake. This 35 pounds' pressure in the small reser- 

voir is attained while the car runs about 100 yards, and is available for 
applying the brakes. This always insures air for operating the 
brakes if the car previously runs a short distance. With this ex- 





o 



^ > 









3 


1 



< 

o 



l-T 






or 

P 

o 
O 



cr 






-3. II :i 














THE AIK-BRAKE 



oeptioii, the piping b the 
same, and no further de- 
acriptkn is necessary. 
^ If a car b fitted with 
^ a storage aiM>rakeequij>- 
« ment, no compressor is 
I installed in the car. The 
3 compressed air which is 
Z used for braking is cai" 
f ried OD the car in large 
f reservoirs. The general 
-. scheme of a storage air- 
^ brake equipment is 
I shown in Fig. 86. Two 
I large reservoirsconnected 
I by a one-inch pipe cany 
I air at high pressure. 
y These reservoirs deliver 
i air through a reducing 
I valve to a service reser- 
B voir. The pressure in 
^ the service reservoir cor- 
S responds to that in the 
I reservoir previously de- 
I scribed. Other than these 
^ parts just mentioned, the 
§ straight air-brake and 
o the storage air-brake sy»- 
i terns are the same. 
^ Westinghouse Auto- 
S matJc Friction-Brake. 
^ The general scheme of 
g' this equipment is shown 
i* in Fig. 87, which gives 
the names of the princi- 
pal parts and their rel- 
ative location. The prin- 
ciple of its operation is 
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very different from that of the straight air-brake system. In the 
straight air-brake system, the brake-pipe is subjected to pressure 
only when an application is made. With the automatic system, air 
at 70 pounds' pressure per square inch is carried in the brake-pipe. 
The brake is applied by exhausting air from the brake-pipe, thus 
reducing its pressure; and it is released by restoring this pressure. 
It follows that any accident or operation which results in reducing the 
brake-pipe pressure will apply the brakes on all cars. This is not 
true, however, in case of the straight air-brake system. In the straight 
air-brake system, if any accident occurs to break or open the brake- 
pipe, the brake at once becomes inoperative. With the exception of 
compressed air being supplied by a motor-driven compressor, a gover- 
nor controlling the operation of this compressor, and a change in the 
form of the brake-valve, the system is almost identical with the Westing- 
house system already described for steam-operated roads. The 
descriptions of the operation of the automatic brake already given 
apply equally well to the automatic system for electric cars. The 
system is especially recommended for use on trains of more than two 
cars, where frequent stops are not required. 

The standard automatic air-brake system as used on sieam roads 
to-day cannot be successfully operated on electric trains for street 
service composed of one car, for the following reasons: 

First. Applications of the brake are likely to follow in such rapid suc- 
cession that sufficient time would not be given to properly recharge the 
auxiliary or braking reservoir on each car. 

Second. A graduated release or gradual decreasing brake-cylinder 
pressure is absolutely necessary in electric-car work, in order to obtain a smooth 
stop. With the standard automatic equipment, release of the brake-cylinder 
pressure is complete, when once started. 

Third. A prompt response of the brakes when re-applied after a release, 
is very essential. This is not always possible in the standard automatic 
equipment, since the auxiliary reservoir is very slow in charging. 

To overcome these difficulties, there has been devised an auto- 
matic system for electric-car work, having quick-service, graduated- 
release, and quick-recharging features. This system is very important 
for a certain class of service, but vriU not be described. 

Train Air-Signal. As the size of electric cars and the length of 
trains increase, a signal system becomes more and more a necessity. 
That used to-day on steam roads has been fully described in preceding 
pages. Since the air-signal system used on electric cars is the same as 
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that used on steam roads, it is unnecessary to repeat the description. 

Stopping a Car. The brake equipment of all electric cars is 

calculated with reference to the unloaded weight of the car, that is — 

the parts are so designed that there will be no danger of slipping the 
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wheels when the car is unloaded. In stopping a car, the forces which 
act to retard its motion are: 

The resistance of the atmosphere; 

The f fictional resistance of the journals and track; and 

The resistance of the brake-shoes on the wheels. 

AMien the brake is applied, the car pitches forward on the front 
truck, and the weight on the rear truck is thereby decreased. If 
proper allowances have not been made in proportioning the brake- 
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levers, the rear wheels will probably slip on the track. If the wheels 
should slip, the distance required in which to bring the car to rest 
would probably be greater than that required had the wheels not 
slipped. In bringing a car to rest, the energy of translation of the entire 
car and the energy of rotation of all the wheels and motors must be 
absorbed by friction. To do this efficiently and safely in the shortest 
possible time, is the purpose of the modem brake systems. 

The average person who rides on street and interurban cars knows 
nothing as to the distance in which these cars can be stopped. "In 
what distance can a modem double-tmck electric car be stopped?" 
is a question which is frequently asked. In answer to this question, 
Fig. 88 has been prepared. A great many experiments have been 
made in stopping cars, with varying results. The chief factors which 
affect the results of such tests are the condition of the rail and the 
character of the material composing the brake-shoes. Fig. 88 shows 
graphically the relation between the distance required to stop a car 
and the speed (in miles per hour) at the instant the brake was applied. 
It represents the average result of a large number of experiments with 
a double-truck car fitted with brake equipment as described in the pre- 
ceding pages. With perfect conditions, the curve ABO would fall 
above that shown, while with very poor conditions, it would fall lower. 
The value of the diagram is made apparent by the following applica- 
tion : 

Example. Find the distance in which a double-truck electric car may 
be stopped if power is shut off and the brake applied while running at a speed 
of 30 miles per hour. 

Solution, Starting on the vertical line F at 30 miles per hour, 
follow the horizontal line to the right until the curve ^ JS is reached 
at the point B. From the point B, follow the vertical line downward 
until the horizontal line X is reached at the point C. This point C 
indicates the distance in feet in which the car may be stopped, which in 
this instance is 440 feet. In the same way, the stopping distances may 
be determined for cars n'nning at any speeds. 
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In no other line of electrical activity have developments during 
the last few years been so rapid as in that of electric railway work, 
and from all indications the limit has not yet been reached. 

Until recent years all electric traction has been dependent upon 
direct current as a motive power. This is due principally to the 
fact that the series direct-current motor is admirably adapted for 
such work, and no alternating-current motor had been developed 
which could be substituted for it. One of the great advantages 
possessed by the direct-current series motor is its large starting 
torque, which may be several times greater than that lequired to 
propel a car at full speed. This type of motor is also essentially 
a variable speed machine, and len^ls itself very well to wide varia- 
tions in speed control; consequently, for many years, in this coun- 
try at least, all advance was made along direct-current lines. 

The trolley voltage used at first was from 450 to 500 volts, 
this being supplied directly to the cars by means of a trolley wire, 
the rails being used for the return circuit. It is evident from the 
outset that the comparatively low voltage, necessitating as it did a 
correspondingly large current for a given amount of power, would 
place a definite limitation on the use of such a system for anything 
other than purely local distribution. To overcome this difficulty 
as far as possible, the trolley voltage was gradually raised to 600 
or 650. This of course decreased the required current, thus increas- 
ing the scope of the system accordingly. The limit of increase of 
direct-current voltage on the trolley was reached at about this point, 
and the fact was recognized that some means must be devised for 
using a still higher voltage, since there are difficulties to increas- 
ing the trolley voltage beyond 600 or 700, due to flashing of the 
motors, which seems to increase directly with the voltage. 

It may be mentioned in passing that one prominent electric 
traction expert has stated that a direct-current trolley voltage of 
1500 can be used, but it remains to be proven whether or not he 
is correct. 
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A very satisfactory solution of the problem for large city street 
railway systems and long intenirban roads, consists in the use of 
a combination alternating-current direct-current system in which 
three-phase high tension alternating current is generated and distrib- 
uted on high tension lines to substations along the road. It is here stepped 
down by means of transformers, and then changed to direct current 
by rotary converters, and supplied to the trolley wire as direct cur- 
rent at the usual voltage of say 600. This system has many advan- 
tages, as there is but small loss in the high-tension lines, and these 
lines can be made comparatively small, thus effecting a consider- 
able saving in investment for copper. 

The above mentioned system of distribution is very generally 
used, and has been found quite satisfactory. The substations can 
be located at frequent intervals, and the distance that the 600-volt 
current must be conducted to supply the cars is not great. By 
this mean^ current can be distributed over wide areas with a small 
loss, where it would be impossible to use the straight direct-current 
system of distribution. 

While, as stated, this furnishes a fairly satisfactory solution 
of the problem, it is far from perfect, as it necessitates the inter- 
vention of the rotary converter substation, in which the investment 
must be large; and moreover the cost of operation is high, as such 
a station requires skilled attendance on account of the somewhat 
intricate nature of the rotary converter. The ideal system, there- 
fore, is one which does away altogether with the use of direct cur- 
rent, the power being generated, distributed, and utilized by the 
motors, as alternating current. 

Three-phase induction motors have been used quite extensively 
and with considerable success in Europe for many years past The 
three-phase motor, however, is not entirely adapted for railway 
work, since it possesses the characteristics of the shunt rather than 
of the series motor, being a constant speed, not a variable speed 
machine. Moreover, two trolley wires are necessary instead of 
one, and still another disadvantage consists in the low power-factor 
of the three-phase induction motor at starting. 

The recent application of the single-phase alternating current 
to railway work has opened up a new field, which bids fair to sup- 
plant all other forms of dbtribution to a great extent at least, and 
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it is impossible to predict at the present time just what its limitations 
may or may not prove to be. This has been made possible by the 
development of a practical commercial single-phase motor, which 
permits of the use of alternating current on the trolley wire with 
all its advantages, and yet sacrifices few, if any, of the advantages 
of the direct-current series motor on the car. 

This motor, which is the latest and most important develop- 
ment in the electric railway field, is of the series commutator ^pe, 



OompeoMting Altematlng-CuTreiit Hailvay Motor. 

and does not differ in principle from its direct-current contemporary. 
It is called the commutator type single-phase motor, and is the one 
^^pe of alternating-current motor which has the same desirable 
characteristics for railway work as the direct-current series motor. 
At first thought it may seem strange that a motor built fun- 
damentally on the same lines as a direct-current machine would 
operate on an alternating current, as it might appear that the motor 
would tend to turn first in one direction and then in the opposite 
direction with no resultant motion. Thb, however, is not the case, 
because the direction of rotation of a motor depends upon the rela- 
tive direction of its field and armature currents. If now the field 
were maintained in a constant direction and the armature supplied 
with alternating current, then the tendency would be to rotate first 
in one direction and then in the other, it is true, but aa a matter of 
fact the alternating current is supplied to the field in series with the 
armature, so that when the direction of current in the armature 
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changes it also reverses m the field. The result is that the relative 
direction of current in the field and armature is constant and the 
motor has, therefore, a tendency to turn continuously in one direc- 
tion as long as the alternating-current power is supplied. 

This being true, the question may arise as to why the single- 
phase motor was not brought to the front for railway work long 
ago. The answer is that there were certain inherent difficulties 
to bfc overcome, and the development of the single-phase motor 
has been simply the removal of these difficulties, rather than the 
design of an entirely new type of machine. 

The most serious obstacle to overcome is the sparking at the 
commutator, due to the fact that when the terminals of a coil are 
bridged by a brush, the coil acts like the short circuited secondary 
of a transformer of which the field winding constitutes the primary. 
Also there is an iron loss due to the alternating magnetic flux through 
the magnetic circuit; while another objectionable feature is the 
counter E.M,F. induced in the field coils. 



A ItcmatiiiK. Current Railway MoWr Field. 

In order that it may overcome these difficulties, to some extent, 
at least, the single-phase motor presents certain modifications from 
the direct-current type, in that it has more field poles, and the entire 
magnetic circuit of field frame, cores, and pole pieces, is carefully 
laminated. The number of commutator segments is also increased, 
thus reducing the number of armature turns per coil, and there 
are special features introduced to prevent sparking, such as com- 
pensating windings which neutralize the effect of armature dia- 
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THE SINGLE-PHASE ELECTRIC RAILWAY 5 

tortioT*; the use of narrow brushes; a type of armature winding 
which gives a low reactance per coH; the use of high resistance leads 
between the armature coils and commutator segments, etc. 

The single-phase motor is then a refined and highly perfected 
^^ of direct-current motor, and this explains the fact that it will 
operate od either alternating- or directxurrent circuits. In fact 
some clum that it will operate even more efficiently on direct cur- 
rent than the r^|;ulation direct-current motor itself. 

The field for which the 
single-phase motor seems par- 
ticularly adapted b that of heavy 
service and interurban work, 
where it has many distinct ad- 
vantages, among which may be 
mentioned the following: 

The alternating current on 
the trolley allows the use of a 

high voltage and comspondtogly „^pj„ j^,^ u_™n»l. 
smaller current, which reduces 

the line loss and permits of the use of smaller wire, which of course 
means a saving in the investment for copper. Moreover, the difficulty 
of collecting a lai^ current from the trolley wire is overcome. Rotary 
converter substations are eliminated, being replaced by simple 
and cheap transformer substations, which require no attendance. 
The capacity can be easily increased by merely increasing the num- 
ber of these transformer substations. 

The efficiency of speed control is a point particularly worthy 
of mention. In direct-current speed control, the series-parallel 
method is used almost exclusively. This consists of putting the 
motors in series for low speed and in parallel for high speed. This 
permits of two, and only two, economical running points; the one 
at full speed, and the other at approximately half speed. All inter- 
mediate points must be obtained by the insertion of dead resistance 
* in which the voltage is simply wasted as heat, thus causing a large 
loss particularly at starting. 

With the single-phase motor the current is supplied to the car 
with a voltage of say 3300. It is then stepped down by means of 
transformers on the car to the voltage of the motors, which may 
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be 200 or 250 volts. The speed is, of cxjurse, dependent upon the 
voltage applied to the motors, and this voltage is cut down from 
the maximum, to obtain various gradations, by means of an induc- 
tion controller, or by taps from an auto-transformer. Thus the 
motor takes from the trolley only slightly more power than is actually 
required to operate it at any given speed, instead of taking full 
voltage from the line and absorbing part of it in dead resistance. 
The effect of electrolysis upon neighboring water pipes par- 
alleling an electric road, which k the cause of so much trouble with 



Auto Transtiirnier, 

direct current, is entirely eliminated, as electrolysis evidently will 
not take place with alternating current. 

In connection with this system a sliding contact device or bow 
trolley has in many cases been substituted with considerable success 
for tlie ordinary current collecting device, or trolley wheel, one 
advantage of this i>cing that the car can l>e run in either direction 
without reversing the contact device. Another very satisfactory 
fonn of trolley is of the pantograph type with sliding shoe, shown 
on the New York, New Haven and Hartford locomotive. 

A new form of trolley suspension known as the catenary has 
Iw-cn develope<l to meet the deman<] for more substantial construc- 
tion ncfvssitatcd by the liigh trolley voltage. This consists of a 
stranded galvanized steel messenger or supporting cable, from 
which the trolley wire is susix-nded at intervals of about 10 feet, 
tlms keeping it at a uniform distance above the track. 



SINGLE-CATENART LINE CONSTRUCTtOH ON THE WARRBN AND JAMESTOWN SINGLE-PHASE ROAD 

The Sleeve Ti-pe InmiUUira Shown Here Have Been SupH-eedcd by the Skirt Type. 

Weetlngbouse Electric & MauuXacturiuK *^'. Plttuburg, Femia. 
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The multtple-unit system of control can be used in connection 
witli single-phase motors, this being the scheme which has been in 
use for a long time on elevated and other roads using direct current, 
whereby several cars can be operated in a train from a single point, 
each car being equipped with its individual motor and controlling 
apparatus. The entire system is then controlled as one unit by a 
single motorman stationed usually in the front of the first car. This 
method of control has become of such 
tremendous importance that any sys- 
tem to which it cannot be applied 
would be seriously handicapped. Cars 
equipped with single-phase motors can 
be operated on either direct-current or 
itlternating-current lines, with high or 
low tension, with trolley or third rail. 

It must not be supposed, how- 
ever, that with all the above mentioned 
advantages, the single-phase system has 
no disadvantages, as such is not the 
case. The car equipment, due to the 
transformers and the nature of the 
motors, is considerably heavier. The 
motors themselves are more expensive 
on account of their special construc- 
tion. The equipment is not always 
adapted for operation on existing lines. 
There is a slight Increased "apparent" 
resistance of the trolley line and a con- 
siderable increased "apparent" resist- 
ance of the rails, due to reactance singh^Ph^e work. 
caused by the alternating nature of the current. There is also an 
active electro-motive force between the field coils, which is objection- 
able, and there is a possibility of interference with neighboring tele- 
phone lines. Furthermore, there is slight loss in power in the 
transformers on the car, while the power-factor of the motors is less 
than unity. 

Summing the matter up as a whole, however, the advantages 
seem to overbalance the disadvantages, at least for many kinds of 
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work, and it is safe to predict that this new system of operation will 
have a very wide and increasing application in the near future. 

As to the operation of the system in general, the current may 
be developed by single-phase, two-phase, or three-phase generators, 
and supplied to the transformer substations just as it was formerly 
supplied to the rotary converter substations. Only a single phase 
is used on any section of the trolley line. The voltage on this trans- 
mission line will depend upon the existing conditions, and can be 
figured out like any other problem in power transmission. 

Three-phase generators would ordinarily be used, as less copper 
is required to supply a given amount of power. The common fre- 
quency is 25 cycles per second. At the transformer stations, the 



Truck Complete with Single-PliaEe Motors and CoDtikct Shoes. 

voltage is then stepped down to that required on the trolley, which 
may be 2,000, 3,300, 6,600, or even 11,000 volts. While we cannot 
speak yet of a standard voltage, 8300 seems to be finding consider- 
able favor. The voltage for which the motors are wound is 200 
or 250, the General Electric motors using the former voltage, and 
the Wcstinghouse the latter. When operating on alternating cur- 
rent the motors are connected in parallel, and when running on 
direct current they are connected in series. Motors have been 
constructed from 50 to 225 horsepower, and there is no apparent 
reason why larger ones could not be made to operate with equal 
satisfaction. 

Among the roads in this country which are either using, or 
planning to use single-phase current, may be mentioned the Ballston- 
Schenectady line, which was one of the first systems to be equipped 
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and has been in successful operation for some time. This road 
uses the altern^iting-current motor developed by the General Elec- 
tric Co. The motors ore adapted for operation on the 2,000-volt 
alternating-current trolley between cities, and on the standard COO- 
volt direct current in Schenectady. 
They are wound for 400 volts, and are 
operated in series on the'600-volt direct 
current. The frequency used is 25 
cj'cles. Current is supplied by an 
overhead trolley, no feeders being used. 
A second road of importance is 
one in Georgia between Atlanta and 
Marietta, l^hich is 15 miles in length. 
This uses the Westinghouse equipment. 
The current on the trolly- is 2,200 volta 
and 25 cycles. It is transmitted at a 
voltage of 22,000. 

Another road of importance is the 
Magnetic Speed Indicator. Indiana and Cincinnati interurban 

line, 41 miles in length, which has 
been in operation on regular schedule since July Ist, 1905. For 37 
miles the road is operate<l from alternating current, and for 4 miles, 
from direct current. Four 75-horse power motors per car are used, 
capable of a maximum 
speed of 65 miles per hour. 
TheBloomington,Pon- 
tiac and Joliet Electric Rail- 
way is a single-phase road 
equipped with General 
Electric apparatus, and has 
maintained a regular sched- 
ule over a distance of more 
than 10 miles since March, 
1905. 

The plans are now . „ „ 

, . , , . , Armature Quill, 

being laid for a smgle- 

phase road, which will run south from Spokane, Washington, a dis- 
tance of 150 miles. The current on the transmission line b 45,000 
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volts, which is stepped down to 6,600 on the trolley. The car will 
be capable of operating on current from a 6,600-volt alternating, a 
700-volt alternating, or a 575-volt direct-current supply. 

Perhaps the most important move which has been made in the 
direction of single-phase traction thus far is the decbion of &e New 
York, New Haven, and Hartford road to establish a long-distance 
passenger traffic on the single-phase system. According to the 
latest plans this road will operate between the Grand Central Depot 
and Woodlawn, N. Y,, over the terminal tracks of the New York 
Central road, on direct current taken from the trolley. From Wood- 



A Pair of Driven with Single-Phase Motor Mounted upon QuOL 

lawn, N, Y., to Stamford, Conn., the load will be operated on the 
single-phase system. 

The equipment is being supplied by the Westinghouse Co. The 
current is generated by revolving-field type turbine-driven alter- 
Dators. The armatures are designed for either three-phase or single- 
[Jiase connection. The current is generated at 25 rycles and 11,000 
Tolts, being delivered directly to the trolley, and thence to the cars, 
without the intervention of any transformers. The double catenaiy 
suspension from messenger wires is used to support the trolley. 
The locomotives are each equipped with four 200-H. P. gearless 
motors, designed to operate on 236-volt alternating current and 
275- to 300-volt direct current. 
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The armature is not mounted on the shaft direct, but is built 
upon a quill through which the axle passes with about f-inch clear- 
ance all around. There is a flange at each end of the quill from 
which seven pins project and fit into the hubs of the driving wheels. 
On the direct-current pari of the line, current is delivered to the car 
through eight collecting shoes from a third rail. On the alternating- 
current section, current is delivered through two pantograph bow 
trolleys. On the direct-current section the series-parallel method 
of speed control is used, current being fed directly to the motors 
which are connected two In series permanently and the series-parallel 
control is applied to the motors in groups of two. The alternating- 
current speed control is accomplished by six taps from an uuto- 
transformer for the corresponding running points. The cars weigh 



six-Halt Switch Group. Single-Phase SfBtcm. 
78 tons and are capable of a speed of 60 to 65 miles per hour. The 
electro-pneumatic unit-switeh type of control b used. At each end 
of the cab b a master controller from which the main controller is 
operated. Several locomotives can be operated together on the 
multiple-unit system, if desired. 

The Washington, Baltimore and Indiana single-phase road la 
the latest in the field, contracts having been placed very recently. 
The current will be transmitted at 33,000 volts and 25 cycles, then 
being stepped down to 6,600 volts on the trolley. The road will be 
60 miles long and will be equipped with General Electric apparatus. 
Four 125-H. P. motors capable of operating on either alternating 
current or direct current will be used, and the cars will be capable 
of a speed of 60 miles per hour. 
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A QUARTER CENTURY OF AMERICAN CENTRAL 

STATION ENGINEERING. 



Perhaps few of the younger generation engaged in the vari- 
ous branches of electrical work realize that the central-station 
industry, so large and permanent an institution of our present 
civic life, is barely a quarter of a century old. Marvelous, indeed, 
has been the progress of this industry, and its wheels of invention 
and development are stilling whirling rapidly on. No engineer 
who values his reputation would venture to prophesy what the 
next quarter-century will bring us. 

Twenty-five years ago the commercial electric lamp waa 
unknown. To-day there are in service in the United States alono 
nearly twenty million incandescent lamps, to say nothing of thd 
tens of thousands of arc lamps and the few hundred thousand 
horse-power in electric motors. To-day nearly every city of any 
importance in America has an electric plant furnishing light and 
power to its citizens. Magnificent stations have sprung up in our 
large cities, representing millions of dollars in investment; and 
electricity is being distributed to nearly every corner of those 
cities. It may be of interest, then, to look back over the histoty 
of this industry, and see some of the steps by which it reached its 
present splendid growth. 

In all the world's history of industrial progress, perhaps no 
chapter is more full of scientific and heroic romance than that 
dealing with the birth of the electric-light industry. To the 
youth of to-day no story could give greater inspiration than that 
of the men who were the leading figures — the great minds and tho 
energetic workers — during the early days of central-station devel- 
opment. These men contributed as much toward the nation's 
growth as did our warriors and our statesmen. Most of them are 
still with us, and are still active in solving engineering problems. 
It was the good fortune of the readers of the Electrical World 
and Engineer to see, in its recent thirtieth anniversary issue, 
some interesting reminiscences of these early workers, and thus 
have brought home to them the youthful age of the industry. It 
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is not the purpose of this paper, however, to relate biography, but 
rather to treat of the more prosaic subject of the growth of the 
central station from its small beginnings to the magnificent pro- 
portions of to-day. 

BRUSH ARC SYSTEM. 

In 1879, there was erected in Cleveland, Ohio, a series-arc 
system designed by Charles F. Brush. The dynamo furnishing 
current for these lamps had been built by Brush during the pre- 
ceding year. The electric arc itself had been discovered by Sir 
Humphry Davy in London about the year 1802, the source of 
current for his lamp being a battery of several thousand cells. As 
the dynamo had not at that time come into existence, the commer- 
cial importance of the discovery w^as not then apparent. 

From this first system of Brush's, dates the history of com- 
mercial electric lighting in America. As stated, the lamps of this 
system were all connected in series, so that the same current 
passed through all of them. With many lamps on the circuit 
this required a fairly high voltage. The efforts of many investi- 
gators were then directed toward developing an incandescent lamp 
for these circuits so that the lights could be used indoors where 
the arc lamps would be too brilliant. In order to obtain a lamp 
requiring only a low voltage, which is a desirable feature in series 
connection, a lamp of low resistance is necessary. 

EDISON CONSTANT-POTENTIAL SYSTETl. 

Ilie master mind of Thomas Edison soon saw that a series 
system with high voltage on each line would never become com- 
mercially successful for general house lighting; therefore he set 
about to design a system W'hich should properly meet the required 
conditions. On February 5, 1880, he patented a constant-potential 
system consisting of feeders and mains, with the load connected in 
parallel, or multiple arc, between the two wires forming the posi- 
tive and the negative conductors, as shown in Fig. 1. How well 
this succeeded is evidenced by the present almost universal use of 
this system of connection. Obviously, a low-resistance lamp 
w^ould not do on a constant-potential circuit; Edison, thereiore, 
first developed a high-resistance lamp. His success in this is well 
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known. His patent for the lamp is dated November 4, 1879. In 
December of that year he had a number of these lamps on exhibi- 
tion at his laboratory in Menlo Park, and the following year he 
equipped his house and grounds with the lamps. The newspapers 
of the time were filled with accounts of what the " Wizard of 
Menlo Park" had accomplished, and visitors flocked to the town 
in great numbers to see the lights. 

The first Edison plant for the public supply of current was 
located at Appleton, Wisconsin, where in 1881, was installed one 
of the first of the lanky bipolar dynamos, connected by a belt to a 
water wheel in a little wooden shed. The first central station for 



o 
o 
o 



O LIGHTS 

o 



iWiiN r I 



o 
o 



OVNA MO 4. 



FEEDER 



■M.^«> 



f 



t 



'gggg' 



SWITCH 



I 



o 

u 

uJ 



FEEDER 



O 
O 



O 
O 

oi 



MAIN 



5 



O 
O 



SS 



23: 



o 
o 



Fig. 1. 



general distribution of current to incandescent lamps was started 
January 12, 1882, at Ilolborn Viaduct in London, England. The 
second and the third Jumbo dynamos (so named because of their 
bulk), built by Edison in America, furnished the current for this 
system. They weighed twenty- three tons each, and had a com- 
bined capacity of 3,000 lights. The first of these machines built 
by Edison was sent to the Paris Exposition of 1881. By October, 
1882, the Edison Manufacturing Company had installed in all 
123 plants, with a total of about 22,000 lamps. 

The Edison Tube. During this time Edison's attention had 
l)een directed toward laying out a system for the city of New York. 
In such a city it was desirable to have the system underground. 
Accordingly, the Edison tube was designed. This consisted of 
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two half-round copper bars laid in iron pipe in lengths of about 
twenty feet, and insulated by meaus of a tar compound While 
there are still many miles of these tubes giving good service, all 
new underground work has for some years been done with lead- 
covered cables drawn into ducta laid in the streets, the connections 



Fig. 2. 

being made in manholes. Fig. 2 shows a duet system made of 
cement-lined iron pipe laid in a bed of concrete. 

Three-Wire Direct-Current System. Late in 1882, Edison 
made a series of experiments with a view toward a more economical 
distribution system, and he theu devised the well-known three-wire 
system, in which two generators are connected in series, and a 
conductor is connected to their junction, and run out into the 
system as the neutral wire. This is illustrated in Fig. 3. By con- 
necting the lights so that the load on the two sides of the system is 
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nearly balanced, a saving of about sixty per cent was effected in the 
amount of copper necessary to transmit the same energy. This is 
due to the fact that, in the three-wire system, the current is trans- 
mitted at 220 volts instead of at 110, thus requiring for the same 
number of watts only half as many amperes; and therefore a smaller 
wire can be used. If the load on the two sides of the system is 
not balanced, the difference between the current in the positive 
conductor and that in the negative will come back to the dynamos 
over the neutral wire. Dr. John Hopkinson, in England, and 
Werner von Siemens, in Germany, devised similar systems at about 
the same time. 
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Fig. 3. 

It was not until 1884 that electric motors were first used in 
New York; and the arc lamp designed for parallel connection on 
the constant-potential circuit was not introduced until 1889. 'the 
success of the constant-potential arc lamps made it possible for 
central stations to do all classes of business with one system of dis- 
tribution — which was an important step in the march of progress. 
In 1890 the Duane Street Station was built in the heart of the 
Edison system, with a total engine capacity of 11,800 H.P. in 
direct -connected units. 

In Boston, the Edison Electric Illuminating Company was 
organized in December, 1885, and the first station was started in 
February of the next year, using the Edison three-wire system of 
distribution. In 1887, a second station was built to take care of 
the load in another section of the city. Here, for the first time, 
was adopted the method of using 220-volt motors on the Edison 
system, connecting them to the two outer mains instead of betw^een 
one outer and the neutral (110 volts), as had heretofore been done. 

The Edison Companies. The good financial showing made 
by this company led to the formation of Edison Companies in many 
other cities, among the largest of which were Chicago and Phila- 
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delphia; and to the building of two uptown Btations in New York. 
The original plant of the Western Edison Elfctric Light Company 
{now the Chicago Edison Company), a view of the dynamo room 
of which is Bhown in Fig. 4, was built at 13!) Adams Street in 1887, 
and contained at first eight lOO-K.W. Edison bipolar dynamos 
belted to four 250-H.P. engines located on the door below. In 
1891, additional dynamos and engines were added, until the total 
capacity reached 3,400 K.W. 



FlR. 4. Dynamo Room. Old Adams St. Station, mloago EdlHon Ca 

In the summer of 1892, the big station at Harrison Street, 
representing the moat modern central- station engineeriog of the 
time, was started; and the next year the Adams Street Station was 
dismantled. The center of distribution, however, was kept at 
Adams Street, the current generated at the new station, about 
3,000 feet away, being sent to this center over a trnnk line con- 
sisting of twenty-eight Edison tubes and cables with a total sec- 
tional area of 66,000,000 circular mils. Of this, 9,000.000 cm. of 
section was used for the neutral conductors, leaving 28.500,000 cm. 
for each of the outsides, that is, for the positive and the negative. 
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In its onward march the Chicago Ediaon Company absorbed 
a number of plants, chief of which waa that of the Chicago Arc 
Light & Power Company, located at Washington Street and the 
river. The systems operated from this etatioa at that time con- 
sisted of series arcs, 500-Tolt direct current for power, and some 
133-cycle 1,000-volt alternating-current lines. In 1894, there 
were added the Wabash Avenue Station near 27th Street on the 
South Side, with ao Ediaon three- wire system and some series-arc 



Fig 5. North Sldu Station. Cblcatio Edison Ca 

lines; and the North Side Station at Clark and Oak Streets, which 
consisted solely of Edison generators connected to the usual three- 
wire system (Fig. 5). Fig. 6 is a view of the switchboard at Har- 
rison Street Station. Fig. 6a is a back view of the generator gal- 
lery of this board, and shows the heavy copper bus bars. Fig. 7 
is a cross-section of the engine and boiler rocnnsat Harrison Street 
Station, and Fig. 8 shows one of the 1,200-II.P. Southwark 
engines direct -connected to two 115-voIt 400-K.AV. generators. 
One of these dynamos connects with the positive, and the other 
with the negative, of the three-wire system. 

Conservative Brooklyn waited to see what success waa met by 
electric-light companies in other cities before its capitalists em- 
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Fig. II. Switchboard M HuxUoD Street Station. 



Fig. 60. Back ol Generator Oallery, Harrison Siieei, Station. 
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barked on Bueli enterprises, but in 1889 that city was added to the 
list of those having a central station for the production of elec- 
tricity. In that year the Edison Electric Illuminating Company 
of Brooklyn built its first station on Pearl Street, and started 
operations with a load of 6,600 incandescent lamps connected to 
the system. The dynamos used were four of the Edison bipolar 
type of 100-K.W. capacity, each two of which were belted to a 



Pig. 7. Cross-Socllon ot Engine and Boiler Rooms. Hatrlsnn Street Station, 

250-n,P, cross-compound engine and were connected to an nnder- 
gronnd three-wire distribution system. In 1803, the station was 
remodeled, and larger dynamos were introduced direct-connected 
to vertical cross -compound condensing engines. 

ALTERNATINQ-CURRENT SYSTEMS. 
The development of the alternating-current system in America 
is due largely to Mr, George Westinghouse, who, in 1885, had 
built at Pittsburg, Pa,, an experimental plant to work out the 
system devised by Gaulard and (iibbs in England. The first 
commercial result of the Westinghouse investigations, carried on 
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Fig, 8. 1S00 H.P. Southwark Baglce and 400 K.W. Geiurator. 

by Shallenberger, StanleVi and others, appeared in the plant in- 
Btalled at Buffalo, N. Y., in November, 1886. The following 
year, 65 plants, with a total capacity of 125,000 lights, were built, 
and the increase thereafter was rapid. 

With a direct-current three-wire system using 230 volts be- 
tween outside conductors, it is uneconomical to transmit current 
much farther than one and a half miles, because of the prohibit- 
ively large amount of copper necessary to keep down the loss in 
the feeders. The resistance of a conductor varies with the length; 
end as it requires the expenditure of energy to send a current over 
a resistance, obviously a high resistance means a large amount oi 
energy lost in the transmission. By increasing the cross-section 
of the feeder, this resistance can be kept low; but the cost of the 
feeder vould then l)e prohibitive. By means of the alternating- 
current system with static transformers, connected as shown in 
Fig. y, energy can be transmitted at a much higher voltage from 
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the station. The higher the voltage of transmission, the smaller 
will be the current (amperes) for a given energy (watts); there- 
fore with the high-voltage system, a given energy can be trans- 
mitted over a much smaller wire than would be required for that 
same energy at a low voltage. In the transformers placed at or 
near the point where the current is to be used, the pressure is 
" stepped down " to the voltage of the lamps on the circuit. 
The regulation — that is, 



the steadiness and constancy — 
of the voltage of these alterna- 
ting-current lines, was very 
much pdorer than that of the 
direct-current system. This 
was largely due to the effects 
of self-induction, which is ever 
present wath alternating cur- 
rents. The early incandescent 
lamp used on the direct-current 
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110- volt systems was rather delicate, and had only a short life when 
burned on a circuit in which the pressure fluctuated very much. 
Consequently, it could not be used economically on the existing alter- 
nating-current lines. A 50-volt lamp could be made far more stable, 
and, largely because of this, the secondaries of the early transformers 
were wound for 50 volts. The primaries were wound for use on 
1,000-volt circuits — which was then considered as high as desirable, 
because of the difficulties of insulating the line, the transformers, 
and other apparatus on which this voltage was applied. Kapid 
advance, however, was made in the art of insulating, and soon this 
primary pressure was doubled. Most of the city A. C. distributing 
systems now have a primary pressure of about 2,300 volts. It is 
interesting to note that the insulators used on the early European 
high-tension lines were constructed with a trough along the edge 
on the inner side, which was filled with oil in order to prevent cur- 
rent leaking over the surface of the insulator to the pin and thu& 
to ground, by way of the cross-arm and pole, on wet days. 

One of the larger of the early stations for the generation and 
distribution of alternating current was built in St. Louis, Mo., in 
1889. The system adopted was single-phase, 1,200 volts, 60 
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cycles*, with a three-wire Edison system for the secondaries. These 
secondaries were tied together at street crossings, forming a com- 
plete network similar to that described for the direct-current system, 
and shown in Fig. 10. In this case the feeders of the D. C. syistem 
were replaced by the high-tension A. C. feeders and transformers, 
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Fig. 10. 

the latter being treated as part of the feeders. Pressure wires were 
connected to the secondaries of the transformers, and were run back 
to the station voltmeters to be used by the switchboard operator 
in regulating. 

An interesting alternating-current line was built between San 
Bernardino and Pomona, California, in 1891. Here a transmission 
pressure of 10,000 volts was used, obtained by means of connecting 
the 500 -volt primaries of twenty transformers in series. Thus each 
transformer had to have insulation for a working pressure of only 
500 volts, which was comparatively easy to produce. 

* Note. A current wblch alternates 130 times per second has 60 double alternations 
or '• cycles " per second. 
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In 1891, the celebrated three-phase transmission line from 
Lauffen to Frankfort, in Germany, was operated. Originally 
this was intended for transmitting energy generated by water power 
at Lauffen, to the city of Heilbron, six miles away; but it was first 
used in the now famous transmission to Frankfort, a distance cf 
110 miles, at the time of the Frankfort Exhibition. The dynamo, 
built at the Oerlikon Works in Switzerland, was star-connected, and 
generated a star pressure of about 50 volts. 

In a three-phase star-connected generator, the armature wind- 
ings consist of three branches which are connected at one end to a 
common point. These branches are so placed on the armature core 
that the wave of the alternating pressure is set up in one coil a 
little later than is the wave of pressure set up in the coil imme- 
diately ahead of it, and a little sooner than the wave in the coil 
immediately back of it. These three pressures then follow each 
other in regular succession, the phase difference (the time between 
similar values of the different waves) being equal to one-third 
period.* The wires leading to the other ends of the three armature 
coils are called the "phase" wires, while the one connecting to 
their junction is the "neutral" wire. The pressure between a 
phase wire and the neutral is called the "star" pressure, while 
that between any two phase wires is called the "delta" pressure. 
This latter is 1.732 times as great as the star pressure. For 
greater safety in operation — principally to prevent abnorm£.l rises 
in pressure between a phase wire and earth — the neutral wire 
is thoroughly "grounded" by being connected to a plate embedded 
in the moist earth. 

The 50 volts pressure generated at Lauffen was "stepped 
up" by transformers of 8,000 volts, delta, at which pressure the 
current was transmitted. 

DEVELOPflENT OF WATER POWERS. 

After the success of polyphase transmission had been thus 
established, a great impetus was given to the development of water 
powers, and the following years found this system adopted by 
many companies. One of the first of these in America was built 



*NoTE. A period is the fracUon of a second for one complete cycle of th? t,lterc» 
ting wavOi 
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at Telluride, Colorado, in 1892. The original pressure used here 
was 3,000 volts, three-phase, straight from the generator. As a 
result of an extended series of experiments made on this line in 
1896, much valuable data was obtained regarding high-tension 
transmission; and to-day there are many such systems, some oper- 
ated at a pressure as high as 40,000 volts, which is the pressure 
now used at Telluride, while a few others are going still higher. 
The limit to-day seems to be about 60,000 volts, but even this 
may be increased as the art advances. 

The Sacramento-Folson line, in California, built in 1895, 
originally transmitted 1,000 H.P. at 11,000 volts, three-phase. 
The generators were wound to give a pressure of 800 volts, and 
this was raised in transformers to 11,000 volts. 
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Fig. 11. 

The Mechanicsville, N. Y., and the Snoqualmie Falls, Wash., 
plants are the most important three-phase transmission systems 
built in 1898. In the former, a transmission pressure of 12,000 
volts, 38 cycles, was adopted; while in the latter, the generated 
pressure of 1,000 volts, 50 cycles, were stepped up to 25,000 volts. 

Many of the polyphase stations built in the early nineties 
were equipped with two-phase generators. The two-phase currents 
were then stepped up and transformed to three-phase currents 
by means of a scheme of connections devised by Mr. Charles F. 
Scott. This connection is shown in Fig. 11. In this diagram, T 
and Tg are two transformers, the primaries of which have the same 
number of turns and are connected to the two phases of the two- 
phase circuit. The secondary of T has only .806 times the turns of 
the secondary of T^. By connecting one end of the secondary of T to 
the middle of the secondary of T.^, as shown, three-phase currents of 
equal pressures on each phase are obtained from these secondaries. 
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The best koown example of this is the system at Niagara 
Falls, N. Y., where 25-cycle two-phase currents, generated at 2,200 
volts, are transformed to three-phase currents at 22,000 volts, at 
which pressure the energy is transmitted to Tonawanda and to 
Buffalo, the latter being about twenty miles from the station. 
When this station was first operated, in 1896, the transmission pres- 
sure was 11,000 volts. Since that day many high-tension trans- 
missions have sprung into existence; and the increase in voltage 
is keeping step with the improvement in insulators, as already 
noted. An interior view of Power House No. 1 at Niagara Falls 
is shown in Fig. 12. 

FUNCTION OF THE STORAGE BATTERY. 

While these important developments in cross-country trans- 
mission were under way, the engineers of the urban stations also 
had a few problems to solve. The convenience and other desirable 

features of the use of electric 
light and power were now 
being widely appreciated, 
especially when the cost of 
the lamps was reduced ; and 
electric motors also were be- 
ing used more liberally, in 
sizes from one-fourth horse- 
power to 300 II. P. and 
larger. This meant a big in- 
crease in the load on the 
station, as well as in the size 
of the district to be served. 
How to meet this increase 
economically, required an intelligent study of the problems of cur- 
rent distribution. As already noted, the distance over which it is 
economical to transmit current at a low voltage is limited; and, 
when the area to be served exceeds this limit, recourse must be had 
to more stations or to a higher distribution pressure. A study of 
the load curve of an average central station in a large city (Fig. 13) 
shows that the feeders are carrying their heavy current for but a 
short time each day. During all the remainder of the day, then, 
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the current in these feeders is comparatively small; also, much of 
the generating capacity of the station is idle, representing just so 
much investment inactive and earning no returns. If now, during 
the period of light load, a current, additional to the regular load, 
can be sent over these feeders, and if this current can be stored in 
some way in a location within but near to the economical limit, so 
that it can be used at the period of heavy load, this storage sub- 
station will in turn become a point of distribution from which cur- 
rent can be sent out as far acrain as the economical limit. Here is 

o 

where the storage battery filled the want. In 1894 we find storage- 
battery substations installed in Boston and New York, and soon 
after companies in other cities adopted them. In Boston, a num- 
ber of battery substations were installed in the nearer outlying 
districts, all of them being connected with one another and with 
the steam station. The batteries are charged during the hours of 
light load by means of boosters, which form part of the substation 
equipment. Their usefulness, however, is not by any means limited 
to outlying districts. As an auxiliary to a generating station, it is 
considered good practice from the standpoint of economy to install 
a storage battery if the peak of the load does not exceed two and 
one-half hours. As a safeguard against interruption of service, 
and as a help in maintaining a uniform pressure on the system, 
they have been found almost invaluable. 

CONSOLIDATION OF PLANTS. 

The next step in the development was one of consolidation. 
Many cities had been liberal in granting franchises to lighting 
companies, and as a result there were built within the same city 
many systems of various excellence and stability. To the engineers 
of the consolidated company was then presented the problem of 
unifying the systems; but the changes to the new system had to 
be made without sacrificing the value of the investment represented 
by the generating apparatus and lines of the existing stations. 
Such a change, naturally, was made step by step, and thus required 
several years. In addition to providing for the existing load, the 
new system had to be designed for the future, and the probable 
development in the line of various classes of electrical apparatus 
had to be considered. 
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In oar larger American cities, tbe load conditions caa be 
divided into two geaeral clasaee — one, in which a large load is con- 
centrated over a comparatively limited area, which ia the down- 
town or business district; and the other, the residence district, 
where the load ia widely scattered over a large area.' In the down- 
town district, nearly 30 per cent of the load goes to power usero; 



Fig. 14. £arly AltemaUDg-CaiTetit Suttlon. 

therefore the system had to be adapted to all classes oE motor 
aervico, as well as for lighting. For this service in such a district, 
the Edison direct-current three-wire system is certainly the moat 
satisfactory, and this system has been pretty generally adopted. It 
permits the use of storage batteries; requires less copper than does 
the alternating-current system, because in it there is no loss due to 
inductance; gives better regulation; and is far better for general 
all-around power service. 

To consolidate several systems of this cl>*S8 was a simple 
matter. It required merely that the separate networks of maina be 
tied together, and a uniform pressure kept on the system by each 
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station feeding into it. In the outlying districts, however, the 
problem was more complicated. Because of the scattered load, 
most of the systems feeding these districts used alternating current. 
But there was a wide divergence in regard to frequency and voltage. 
Some of the lines were 1,000-volt; others, 2,0()0-volt, So-ne naed 
a frequency of 125 cycles; others, 133 or even 144 cycles. The 
Becondary pressure ranged from 104 to 125 volts, while some of 
the earlier systems still maintained a secondary pressure of 50 
volts. A few of the later stations had 2,000-volt lines, with a 
frequency of 60 cycles; and there were also polyphase (generally 
two-phase) lines for serving a motor load. A view of an early 
alternating -current station is given in Fig. 14. 

High-Voltage Polyphase Systems. This conglomerate mass, 
then, had to be unified. A careful study of various systems showed 



Fig. IS. PolTphttBe Induction Motor. 

the four-wire three-phase system, with a frecjuency of 50 to 60 
cycles, to be the best soiled to the distribution of such a load; and 
this system is being freely adopted. Good examples of it are found 
in Chicago, Milwaukee, St. Paul, and Cincinnati. The generator 
for this system is star- wound, with the neutral grounded, as already 
explained. The voltage at which this system is geJierally operated 
is 4,000 between phase wires. This gives a pressure pf approxi- 
mately 2,300 volts between any phase wire and the neutral; and 
the single-phase lighting feeders are switched on to this 2,300-voIt 
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I connection. The various 

I feeders are connected each 

to one of the phases and the 
neutral, bo that the three 
phases are approximately 
balanced. For a power load, 
then, connection is made to 
all three phases, and the 
motor is usaally of the poly- 
phase induction type, of 
which one is shown in Fig. 
15. Where the capacity of 
the motor is very small — 
under 3 II.P.— the single- 
phase type of induction 
motor, equipped with some 
'^' ■ special starting device, is 

often used. Step-down of the voltafie to the service pressure is, of 
course, accomplislicd hy means of the ordinary 2,300-vult static 
transformers. 



t-iB. 17. 
In Fig. 10 is seen a 150-Iight (7.5-K.'W.) transformer on a 
pole. The two wires coming down at the right are the 2,300-volt 
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primaries; wliile the three-wire secoodaries, of 115 volts per side, 
are brought up at the left, A diagram of a four-wire three-phase 
distribution is shown in Fig. 17; and in Fig. 18 is seen a switch- 
board installed for such a system. 

When the traDsmissioQ distance is great, this three-phase 
pressure can be raised to any desired amount, and then stepped 
down again at the substation, the local distribation again being 
done on 2,300-voIt single-phase feeders with a pressure of 4,000 
volts between phase wires. In some cities, a two-phase system 
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was adopted; while others, again, used the three-wire three-phase 
system (in which a neutral conductor is not used and all load is 
connected between phase wires). Brooklyn has a two-phase 2,300- 
volt 60-cycIe system in the residence section; Philadelphia also, 
though in the latter city the current is generated at 5,500 volts 
and step|)ed down to 2,^00 volts alternating-current distribution. 
A 500-volt two-phase generator is shown in Fig. 19. For 
higher voltages the revolving-fleld type is used, thus avoiding 
collector rings and brushes for the high-voItage current. At the 
South Boston station of the Boston Electric Light Company (now 
part of the Jioston Edison Illuminating Company), the generators 
are wound for 2,300-volt three-phase 60-cjcle currents. 
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In the direct-current diatricte, tlie load often increased very 
heavily in sections somewhat remote from the generating or the 
distributing center; and then it became a question of more stations, 
more copper, or some other additional means of transmission. To 
provide enough copper for satisfactory transmission and regula- 
tion, woald Imnkrupt a company. To build and operate a new 
generatiDg etation iu each section of heavy load, would be equally 
rulDoos. CoDaeqaeDtly recourse is had to other means of trans- 
mission. The success and 
the comparative copper econ- 
omy of polyphase transmis- 
sion lines, already mentioned, 
showed that system to be the 
proper one to adopt; and the 
three-phase system was chosen 
as the means to transmit cur- 
rent to substations located at 
or near the electrical centerof 
theload. Such a transmission 
system, from a large alterna- 
ting-current station in pref- 
erence to several direct-cur- 
rent generating stations, is 
considered good engineering 
whenever the total energy 
generated is large as com- 
pared with that used at any 
one locality. The voltage de- 
termined upon depended to 
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some extent on the local conditions, but more largely on the 
efficacy of the insulation of underground cables, since in the cities 
all lines must be below the surface. In the early days of under- 
ground cables, 5,000 volts was thought very high pressure; to-day 
25,000 volts is not considered excessive; and a recent article in 
the Electrical Age stated that an underground cable system will 
soon be installed, to be operated at 30,000 volts. The insulating 
material used in these high-tension cables consists of paper treated 
with a resinous compound, the thickness in the 30,000-volt cable 
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being abont one -half inch. Over this is a lead sheath about ^-incb 
thick, to protect the cable against moisture and mechanical injury. 
These cables are drawn into ducts laid below the surface in the 
streets, as shown in Fig. 2. 

One of the earliest instances of the use of a three-phase trans- 
mission to a substation, for conversion to direct current of an 
Edison system, was in Chicago, where, in 1897, a 250-K.W. in- 
verse rotary converter, which converted direct current of 250 
volts to three-phase 25 -cycle currents was installed at the Harrison 
Street station. By means of step-up transformers, this pressure 
was raised to 2,250 volts, the pressure of the transmission. In 
the substation on Wabash Avenue, nearTwenty-seventh Street, this 
voltage was stepped down again; and, after passing through the 
rotary converters, the current was fed into the direct-current system 
at 115 volts, one rotary being connected to each side of the Edison 
system. Such was the humble beginning of the very extensive 
system of high-tension transmission lines and substations, which, 
at quadruple the initial voltage, is now in operation in Chicago. 

In the same year there was installed in Brooklyn, N. Y., a 
similar transmission system with a rotary converter substation. 
Here the current was generated at 6,600 volts, 25 cycles, three- 
phase, at the Union station, a similar system tp that operated by 
the New York Edison Company. In the magnificent Waterside 
station of this latter company, there are at present eleven 5,500- 
H.P. vertical engines, each driving a 4,500-K.W. three-phase 
25-cycle 6,600-volt alternator. A 5,000-K.W. Curtis turbo- 
generator is being installed, and there is room for four more. This 
will make a total rated capacity of 75,000 K.W., all power being 
generated as alternating current for transmission to rotary converter 
substations, from which it will feed into the Edison three-wire 
direct-current system. In the splendid new Fisk Street station in 
Chicago, 9,000-volt 25-cycle three-phase current only is generated, 
all by Curtis turbo-generators. Fig. 20 shows a Westinghouse- 
Parsons unit of 5,000 K.W. capacity. 

In Philadelphia, the 5,500-volt two-phase 60-cycle system, 
already referred to, is used for transmission to rotary converter 
substations, as well as for the alternating-current distribution, 
Fig. 21 shows a row of rotary converters of a substation located ia 
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the basement of a eky-scraper iu the heart of the buBineBB district 
of Chicago, 

Where the load conaected to tranemisBion lines consiBts solely 
of substation converting apparatus, a low frequency is desirable 
because of the accompanying low inductive and capacity reactance 
of the lines, and also because of the slower speed of the synchron- 
ous motors and rotary converters which is had for a given numbei 
of field poles with a lower frequency. The higher the frequency, 
the greater the number of poles required, or the greater the speed. 
Because of the necessary number of commutator bars required be- 



Ptg. U. Rotary Coavertera Id Basement ot Office liulldlng. 
tween the brushes of a D, C. machine, and therefore also on a 
rotary converter, the distance between the centers of the pole pieces 
(that is, the pole '* pitch ") cannot be less than a certain fixed limit; 
and, therefore, for a given speed, the lower frequency allows a far 
simpler and cheaper construction. The higher-frequency machines 
are also more liable to *' hunt " especially when the load varies con- 
siderably. Furthermore, double-current generators having a com- 
mutator connected to the armature windings for direct current, 
and also having connections to collector rings from which alternat- 
ing current is taken off, are not practicable for frequencies much 
above 25 cycles. These double current generators, producing both 
direct and alternating current at the same time, form a very ralu- 
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able element in a large Btatiou in wLieli both these currents are 
generated, the direct current for general distribution, and the 
alternating current for transmission to substations. A frequency 
of 25 cycles is therefore generally accepted as the most desirable 
for straight transmiseion ; but the alternations are noticeable on 
incandescent lamps at even 30 cycles, while arc lamps will not 
burn at all satisfactorily on frequencies of less than 40 cycles. 
Because of these facts, the alternating distribution, as distingnished 
from transmission to substations, is effected by 60-cycle current. 
The 25.cycle transmission current is then converted to current of 
60 cycles per second by means of motor generators or straight 
frequency -eh anger seta. 

In Europe, a compromise frequency of i2 and sometimes 50 
cycles is common; and current is transmitted and distributed at 
this frequency, thus requiring only voltage transformers and no 
frequency changers. A few 25-eycle systems have been installed 
in Germany. For converting to direct current, motor generators 
are used more freely than are rotary converters. European trans- 
mission lines of 10,000 volts three-phase are not uncommon. 
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With the advent of polyphase transmission in connecJtion with 
lighting and power systems, the old 500-volt power lines are 
gradually being abandoned, the power load being connected to the 
230-volt circuit of the Edison three-wire system, or, if in the out- 
lying districts, to the polyphase 60-cycle lines. Series arcs have 
already been largely displaced by constant-potential arc lamps. ^ 
What this new system meant to the neighborhood in which the old 
stations were located, will be appreciated when one remembers the 
noise and dirt and smoke of these old stations, and then views Fig. 
22, a substation set in the rear of a lot in a fine residence section. 

We have seen, then, how the high-voltage polyphase system 
has been evolved out of, and has unified, the mixed systems which 
wete brought under one head during the era of consolidation. A 
study of some of the newest installations leads to the thought that 
perfection of system has almost been reached, and that further 
progress will be rather along the line of higher efliciency of appa- 
ratus at both ends of the system. When the true electrical era has 
arrived, when houses no longer have need of chimneys and all 
operations are performed electrically, then new problems will arise. 
How they will be met, none can now say; but they will be met 
successfully. Another Edison — many of them, perhaps — will 
arise; and then our splendid systems of to-day may ultimately be 
Supplanted by one of which the most imaginative dreamer as yel 
has seen no vision . 
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The elevator as a modern appliance lias become a very impor- 
tant factor in boBinesB life. Fifty years ago it was comparatively 
unnecessary, and in the few instances in which it was in use, it 
was considered more of a luxury than a necessity. The earliest 
form of elevator was used only for merchandise, and the power 
employed was derived from a revolving shaft through the medium 
of leather belts running over pulleys. The introduction of steam, 
however, as a source of power for its operation, made a change in 
the speed that could be attained, and enlarged considerably its Held 
of operation. It then began to be used for passengers as well as 
goods. 

EARLY STEAM ELEVATORS 

The application of steam for this purpose was made in a mod- 
ified form, the engine employed being a double cylinder engine 
with the cranks set at right angles to avoid 
centering, but the valve motion was the 
principal feature of difference. Of course, 
many experiments were tried in the begin, 
ning, but what we shall describe here is 
that form of valve motion which became 
generally adopted. The distributing valves 
were of a special type, resembling more 
than anything one ordinary D-valve with- 
in another, and the number of ports in the 
cylinders were four each; Noe. 1 and 3 be- 
ing the usual distributing ports carrying 
steam to each end of the cylinder, and Nob. 
2 and 4 being used alternately as steam 
and exhaust ports. The starting and stop- 
ping was done by means of a change valve, ^■'' Disiributing vme. 
which alternately, at the will of the operator, converted one of the 
Utter mentioned ports into a steam supply port and the other into 
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an exhaust. These valves — one chauge and two distributing — 
were all three contained within one steam cheet, and the preasure 
of the steam from the boiler was always on them, holding them to 
their seats. The change valve, however, was the only one which 
opened a port directly into the steam chest. The operation of 
these valves and their arrangement will be readily seen by reference 
to the accompanying illustration. 

It will be Been from the illiistration that with this arrange- 
ment of valves there could be no lap or lead in the distributing 
valves on the cylinder faces, because the valves had to act alter- 
nately for steam supply and exhaust, and any lap or lead that 
might be given them for operatiou in one direction would produce 
a distorted action when used for rtmning in the reverse direction. 
The consequence was that the engine of this type was not economi- 
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cal in its use of steam; and while it was a great favorite at the 
time of its introduction, and for many years afterward (because of 
a lack of anything better) it has, since the introduction of the 
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hydraulic and modern types of electric elevators, almost gone out 
of use. 

At the time of its introduction it was used entirely in con- 
nection with spur gearing, the first types of this engine being 
made to drive a pulley on the crank shaft which was belted to a 
larger pulley running in stands on the engine bed, the shaft which 
this pulley drove having on its end a spur pinion meshing into an 
internal gear, which was bolted to the end of a hoisting drum or 
spool which wound up the cable or wire rope, to one end of which 
the traveling platform or cage was attached. This wire rope 
passed from the hoisting drum up the hatchway and over grooved 
wheels or sheaves at the top of hatchway and then down to the 
cage, and the change valve, by means of which the steam was shut 
off or turned into the engine to operate it in either direction, was 
connected to a wire rope of smaller diameter, which led up the 
hatchway within easy reach of the operator, and the pulling of 
this rope up or down was sufficient to start the elevator in either 
direction. 

The amount of steam, however, under pressure, required to 
operate the engine when lowering a load, was so much less than 
that needed for hoisting, that in order to prevent the engine from 
racing and lowering at an undue speed, the change valve was al- 
ways adjusted to give a very small opening into the steam supply 
when running in this direction, and in addition to that a certain 
amount of lap had to be given to the valve on the exhaust side, so 
as to choke the exhaust and thereby retard the descent. There 
was some danger of overloading of the engine, for in case an over- 
load was placed on the cage, of course an attiempt to lift it would 
fail, but in lowering, especially when the steam was shut off 
quickly, the pressure of the confined steam in the cylinders would 
sometimes* exceed chat in the steam chest, in which case the dis- 
tributing valves on the cylinders would be lifted from their seats, 
and where they were fitted to work in a yoke or buckle, at the end 
of the valve stem, they would remain off the seat, when once lifted 
thprefrom, until replaced. There was nothing then to hold the 
load but the brake, and to obviate this trouble it was customary in 
many cases to bolt to the bottom part of the steam chest an angle 
piece fitting closely at the back of the valve. This piece being 
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stationary, and its vertical side parallel with the cylinder face, the 
valve worked up and down between it and the valve seat, and it 
prevented the valve from being raised from its seat. 

The brake ased on this type of engine was a flexible band of 
steel, which was lined with hard maple in short sections and fast- 
ened to the band by screws. A suitable lever for applying the 
brake, with a heavy cast-iron weight on the end of the lever and 
proper adjustments for taking up the wear, completed the outfit. 
The brake was always applied by means of the weight on the end 
of the brake lever and was released by means of a heart-shaped 
cam fastened to a pedestal or stand on the engine bed and operated 
by the yoke or automatic stop, which, being connected to the oper- 
ating cable in the hatchway, before described, was always actuated 
when the hand cable was pulled to the center of its throw. 

The pistons of these engines were usually very simple in con- 
struction; they consisted of a disc or block of cast iron properly 
bored and fitted to the piston rod and turned with grooves to re- 
ceive the piston rings, which were then sprung over the block into 
their respective grooves. They were made slightly eccentric, being 
thicker on the side which was left uncut, and were usually turned 
little iarger than the bore of the cylinder. When they were cut, 
a piece had to be taken out, leaving a space of about ^^ inch be- 
tween the cut ends, and the rings consequently had to be squeezed 
together or compressed in order to enter the ends of the cylinder, 
and this caused a constant outward pressure of the piston rings. 
They were made two in number; in some cases three, and were 
usually from f to § inch wide. 

Owing to the confined space into which these engines had to 
be put at times, it became necessary to reduce them somewhat in 
height in order to get them into low basements when desired. 
The consequence was that the connecting rods were not always as 
long as the best practice would dictate, and as a consequence of 
this, and the constant reversing of the engine, it was frequently 
found somewhat diflBcult to make them run quiet. Now, how- 
ever, with care, this result can generally be attained. 

Another cause of hammering in this type of engine was a 
lack of care on the part of the manufacturer to so proportion the 
length of bore of cylinder as to allow the outer piston rings to just 
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pass over the end of the bore at the end of each stroke. This 
length of bore, of course, was determined at the time of counter- 
boring the cylinders, and where the bore was so long that the pis- 
ton rings did not quite reach the ends of it, they would in time, as 
the bore of the cylinder enlarged from constant wear, leave a 
shoulder at each end. Against this shoulder the rings would 
strike at the end of each stroke, and if the engineer was not posted 
on this peculiarity, he would probably try for months to get his 
rods to run perfectly quiet without good results. The only remedy 
in a case of this kind would be to take out the pistons and file the 
shoulders, before mentioned, but it would be only temporary. The 
proper way to get rid of the evil entirely would be to counterbore 
the cylinders a little more, but it was a job that was attended with 
considerable difficulty with the engine in place, hence the first 
method would be found most satisfactory. 

The cross heads and guides were similar to those of most en- 
gines, whether horizontal or vertical, and differed with the ideas 
and taste of fhe maker. Several different arrangements were used; 
some with plain straight slides, some with V-shaped; but the most 
popular was that of the bored guides, for cross heads, using a bronze 
shoe with proper adjustments for wear. These engines would often 
run as high as 500 r. p. m. at full speed. 

One feature of this engine which frequently caused great an- 
noyance was the running off of the belt which connected the pulley 
on the crank or engine shaft with the large pulley, before men- 
tioned, running on a shaft in stands on the bed. There would 
seem at first sight to be no good reason why a belt of this kind 
should not run well and in line, but frequently carelessness in 
workmanship was the cause of this, for if the pulleys themselves 
were of equal diameter at each side, and the shafts were not per- 
fectly aligned with one another, it would cause this trouble; and 
while the bjlt might be adjusted to run well in one direction, it 
would run off the pulley when the engine was reversed, there being 
a "tightener" for the purpose of taking up the slack of the belt, 
which could be adjusted so as to cause the belt to run well in one 
direction. The distance between centers of shafts being short, the 
belt was necessarily short too, seldom exceeding 19 feet in entire 
length, and it was always endless, that is, without seam or lacing. 
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The writer has frequently seen on some of the older types of these 
engines a pulley that was larger on one side than the other; this 
also would cause the trouble. 

Another defect in this engine was the liability, when the belt 
had been in use a great while and neglected, for it to become dry 
and cracked, and if it broke either when lifting or lowering a heavy 
load, there was a chance of the cage falling, there being nothing to 
hold it in that case but the brake. To automatically apply the 
brake and ai the same time shut off steam, in case of an accident 
of this nature, there was attached, to one of the arms carrying the 
idler, a vertical rod The lower end was attached to the cam oper- 
ating the brake; the upper part of this rod^was hollow and the 
lower part telescoped into it. A collar and set screw on the lower 
rod being set in the proper position would receive the end of the 
upper rod on its face, in case the belt should break or come apart, 
for the great weight of the idler pulley would cause it to fall, 
carrying the arm to which the upper part of this rod was attached. 
This then would throw the brake cam around in the position to 
apply the brake, and at the same time shut .off the steam, thus 
stopping the engine also. 

This pulley, which performed the double oflSce of tightener 
and as an adjustment for the direction of the belt, was very necessary, 
because as the belt stretched from constant use, this idler, running 
on top of it, and being made very heavy for the purpose, would 
take up the slack of the belt, causing it to have greater contact 
with the pulleys. The arms, which carried the shaft upon which 
it ran, were attached to the upper part of the engine frame and ex- 
tended outwards toward the rear of the engine, and were of such a 
length as to leave the pulley in the right position upon the belt 
just between the engine pulley and the larger pulley in the stands 
on the engine bed. Sometimes, however, a sudden stoppage of the 
engine would cause this tightener to jump away from the belt and 
then drop back upon it, and this feature had a tendency to cause 
the belt. to break whenever it became weakened in any part. 

To prevent this jumping of the idler, which also had a bad 
effect on the stopping of the engine, spiral springs were sometimes 
attached to these arms and carried down to a convenient point be- 
low where they were attached either to the bed of the engine, or to 
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tbe wrought-iron braces which stayed the upright frame to the 
bed. Turn buckles were provided to give the springs proper ten- 
sion, and this remedied the difficulty just related. 

When these engines were at rest the steam chest was always 
full of steam and ready at any moment to start upon the change 
valve being opened in the proper direction. As this steam chest 
radiated considerable heat, there was always more or less water of 
condensation in it. A drain pipe was run from the bottom of the 
steam chest to a steam trap, which was set considerably below the 
level of the bottom of steam chest, and the water escaped to this 
steam trap. 

The automatic stop was a screw provided with a traveling nut 
and adjustable set collars. This screw was a sleeve which usually 
ran upon a long stud bolted to one of the stands in which the larger 
pulley shaft ran, and it was geared to the pulley shaft by means of 
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Fig. 3. Elevator Engloe with Worm Gear. 

a spur gear and pinion, which were so proportioned ^s to give this 
automatic screw about the same speed as the drum shaft. Tbe 
traveling nut was so arranged that at either end of the roa it would 
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come in contact with tlie set qollara, which had to be set juat to 
the right position to gear with tbia traveliog nut. Ttey eacli had 
a tooth which interlocked when the trav«Iing out and collar were 
brought together. By this means, the traveling nut was made to 
revolve, and as it turned, the automatic yoke, which was connected 
to the starting lever by means of a link connection, operated the 
change valve and applied the brake at the same time, thereby atop- 
ping t)ie engine at theliiiiit'of its run. This end was also attained 
by means of stop buttons on the operating cable, which were made 
80 as to clamp the cable wherever they were placed and tightened 
up, and ii striker or arm attached to the cage so as to slide up and 
down on the oprating cable freely. Whenever the striker came 
in contact with one of these 
stop buttons it pulled the 
cable the same as the attend- 
ant would, and thereby also 
shnt off steam and applied 
the brake. The operations 
were identical in each case, 
except in the method of ar- 
riving at reaulta, A pressure 
of from 60 to 90 poonda of 
steam waa uanally carried at 
the boiler. 

The lubrication of the 
wriat and cross head pins, 
eccentric straps, etc., was us- 
ually supplied by means of 
compression grease cnps. 
This method was adopted on 
the score of economy and 
cleanliness; the valves were 
lubricated by means of a self- 
feeding cylinder lubricator. 

PiK. f worm Gear In HouBlng. fiig ^^^^f difficulty with 

the spur gear type of engine was that of low pressure and over- 
loading. It Bometimea happened that when there was no steam 
oo the engine at all, the car being left at one of the upper stories, 
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an igDorant attendant would put load on the car and pull the 
operating cable. The brake being released, the load would run 
the engine backwards and run to the bottom violently. Of 
course, when these engines and their peculiarities became well 
known, accidents of this kind were less frequent, and taking it 
altogether, the service rendered by these engines was invaluable. 
Being the most rapid up to the time of their introduction and for 
a long time afterward, they were a favorite for many years, the 
principal objection to them being the cost of operation in com- 
parison with other methods introduced later. 

Tjater on a modification of this engine was used for passenger 
service. The changes consisted of the use of a worm gear in place 
of the spur gearing just described, and owing to the location of the 
worm shaft it necessitated the use of an engine with the cylinders 
inverted, and placed at the top of the engine instead of below as in 
the original form. This ariangement has some advantages for 
passenger work, as the liability to run down, which always exists 
with a hoisting maVshine where spur gearing is used, was elim- 
inated. It was also considered safer and more desirable for pas- 
senger use on account of its smoother action and the fact that the 
breakage of one or two teeth in the gear would not cause the plat- 
form to descend rapidly. The other characteristics of the engine 
were not changed. 

WATER BALANCE ELEVATOR 

Contemporary with this engine, which attained its greatest 
popularity during the 70's, there was introduced a form of hydrau- 
lic elevator which at one time bid fair to be a successful rival of 
the steam engine. It was called the water balance elevator. It 
consisted of the usual cage or cab in which the passengers rode, the 
cables necessary for hoisting which passed up the top of the hatch- 
way in the usual manner and over sheaves, thence down into a 
large metal tube or well hole, and attached to the other end of 
these cables was a large bucket that nearly filled the well hole just 
mentioned. At the top of the well hole and above the highest 
point to which the bucket traveled, there was a tank containing 
water supplied by means of a 9team pump. At the bottom of the 
bucket was a dischar^ ^aive, which as well as the valve at the 
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bottom of the tank just mentioned, were operated by means of 
pedals located in the cab. 

The operator by pressing the appropriate pedal with his foot 
would discharge water into the bucket from the tank above. When 
sufficient water had accumulated in the bucket to more than bal- 
ance the weight of the cage and its occupants, the elevator would 
begin to move, the water in the bucket forming a counterbalance 
weight and virtually dropping down the well hole dragging the 
cage upwards, and vice versa, when the water was allowed to 
discharge itself from the bucket it would become lighter than the 
cage and the cage would drop. This water having been discharged 
into a tank at the bottom of the well hole, would be pumped again 
into the overhead tank. 

The speed of this elevator was unlimited, and was governed 
entirely by the use of a powerful brake gripping the slides or rails 
on which the cage traveled. This brake was arranged by means 
of very strong springs which always held the brake on, and had to 
be released and held off by hand to obtain atiy movement of the 
cab when the conditions for motion were right; and in letting go 
of the brake, it applied itself with sufficient power to stop the 
elevator. 

This form of elevator was found to be very expensive, both to 
install and operate, and moreover, was dangerous in the hands of 
unskilled men, and it soon w^ent out of favor upon the introduction 
of the horizontal hydraulic elevator. The latter was originally the 
invention of William Armstrong, a man prominent among mechan- 
ical engineers in Great Britain. 

HORIZONTAL HYDRAULIC ELEVATORS 

The first elevator of this type was used for the purpose of 
hoisting stones from a quarry in Yorkshire, but its utility as an 
elevator for merchandise was soon recognized and it began to be 
used extensively for this purpose in that country, and it was along 
in the early '70's that it was first introduced into the United States. 
The earlier machines of this type were usually operated by water 
pressure obtained from the city mains. The machine consisted of 
a cast iron cylinder, the bore and length of which varied according 
to surrounding conditions^ being chiefly governed by the water 
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pressure available and tlie height of the building in which it waa 
uBed. A piBtoii, litting closely in this cylinder, was made water 
tight by iiieaiiB uf suitable packing. There was a piston rod and 
cross bead which carried a set of traveling sheaves, and a set of 
fixed sheaves. Tim cross head traveled on a track provided for the 
purpose, whicli acted both as a support and guide for same. The 
cable which hoisted and lowered the cage, passed up the hatchway 
in the usual iiiaiiner over sheaves at tlitj top of Baiu», thence down 
to one of the fixed sheaves below on the end of the machine. From 
there it passed successively along under the machine, around one" 
of the movable sheaves on the cross head, back to one of the fixed 
sheaves at end of machine and bo on three or four times, and the 
other end was filially made fast tu the hydraulic engine. This 
arrangement of rope and sheaves was exactly like a block and 
tackle, the cage being attached to the loose or running end of the 



Fig. a Hortomtal Hrdraulic Elevaior. 

rope. Now when water pressure was applied to the piston, it 
would pull these sheaves apart, causing the end of the cable in the 
hatchway to raise, with the cage attached, at a speed much faster 
than tliat at which the piston traveled, the difference in speed l>e- 
iiig governed by the number of sheaves collectively on the machine. 
For instance, if the cross head ha^ four movable sheaves travelii^ 
with it, and at the fixed end of the machine there were four sheaves, 
the ratio or difference between the speed of ci^^e and that of the 
piston would be 8:1; iu other words, the cage would travel eight 
times as fast as the piston, and eight times as far. The ratios 
more generally used are from 4:1 to 10:1, depending on the speed 
required and the load to be lifted. With this arrangement wbeo 
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oonneeted to the city mainB, the water, after being used, was wasted 
or allowed to run to the sewer. Later on, the introduction of the 
roof tank permitted water to be used over and over again, the same 
as in the water balance elevator. A still greater advantage was 
gained by the introduction of what was called the pressure tank. 
This was a modification of the accumulator so much used in 
Europe in connection with hydraulic presses, and consisted of a 
reservoir that was fitted with a plunger of large area, which worked 
vertically through a tight stuffing box, and having on its end an 
enormous weight or load of cast iron. Water being pumped into 
this accumulator, raised the plunger with its load, and when draft 
was made upon it, it would force this water out into the cylinder 
of the hydraulic ram with a pressure equivalent to that of the load 
carried. 

The pressure tank was similar in arrangement, except that the 
compression of air above the water gave the pressure required. A 
cylindrical tank properly braced and stayed was used, with inlet 
and outlet pipes and water glass to show the height of water in the 
tank, and a pressure gauge. Air would be pumped into the tank 
up to a moderate pressure, afterwards water would be pumped in, 
and this water further compressing the air, would produce an ul- 
timate pressure of anywhere from 100 to 150 pounds per square 
inch. The inlet and outlet pipes for the water were directly at 
the bottom of the tank to prevent the escape of any of the air, and 
when water was drawn off from this tank in the cylinder of the 
hydraulic engine, the drop in pressure would not be more than a 
very few pounds, owing to the expansibility of the air above the 
water, about one-third of the total contents of the tank being air 
under pressure. 

This arrangement enabled higher speeds than was admissible 
with the street main service, the street pressure of many cities be- 
ing low; in fact those having a high pressure — anything from 60 
to 100 pounds — being rare. Moreover this arrangement had 
other features which were desirable, the absence of water hammer 
in the pipes being one, the using of the same water over and over 
being another, and the ability to have the most useful pressure be- 
ing a third. With the higher pressure, cylinders of a smaller 
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diameter could be nsed, and coneeqnently a less amount of water 
also. 

The operation of the hydraulic elevator wae by means of a 
two-way valve, the most improved type 
of which conBieted of a cast iron cylin- 
der with a brass lining, which was per- 
forated opposite the openings or branch 
pi|>es in the cast iron body. Inside 
this brass lining was a plunger with 
leather cup packings held in position 
by discs of brass, which were so ar- 
ranged as to cut off tlie supply of water 
gradually so as to produce au evoii and 
gentle stop. Where the supply was 
taken from the city main an additional 
precaution was taken of using an air 
chamber on the supply pipe near the 
operating valve. The olKee of this was 
to prevent violent shocks in the pipe 
from the sudden stoppage of the flow 
of water through the same, caused by 
shutting the o[)erating valve quickly. 
The water in the main, when the valve 
was closed, would continue its onward 
course up into the air chamber, the air 
in which being compressed, would act 
similarly to a spring, gradually retard- 
ing the &OV of the water and restoring 
its equilibrium, but in the case of the 
Pig. 5. Two-wny operaiing fonipression tank it acti^-d of itself as a 
a. UMh«i«kiiii <trt: b. hmi iu.im huge air chamber. 
eii(i;";Sr^ii«ii.rtk£°fiiKn-B»i With the higher pfessure obtalued 

i'oi'riQtS!! STM^a^^f! t,in& by use of the tank, greater speeds could 
»1rJ,"<dti^''tuIii!i™r«!'''"'"''°' '^*' attained, frequently as high as 300 
le'liSrTmf.lSw'ir"^!"*"', HiuiM or 400 feet per minute, while with the 

^«tu Bllom water to dlichkrf* frfpb ^ 

""■*"■ street main system it rarely exceeded 

150 feet per minute, and frequently was as low as 50. The com- 
pression and roof tanks were usually kept pupplied with water by 
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means of powerful steam pumps, the change of level of water in 
the tanks being made to automatically turn on steam or shut it off. 
These pumps, therefore, were not obliged to run constantly, but 
only when the supply of water in the tanks became somewliat 
depleted, the pumps running simply long enough to supply 
the deficiency. 

When the higher speeds were found desirable and attained, 
some better means of operating the elevators than the hand cable 
became a necessity, and the invention of the lever operating de- 
vice followed. With it came the pilot valve. This was a small 
auxiliary valve attached to the main operating valve which ob- 
tained its j>ower from the 
pressure tank. The oper- 
ator in the cab moving his 
lever, would open the small 
pilot valve, which in turn 
admitted water to a piston 
on the stem of the main 
operating valve, the pres- 
sure of the water moving 
this piston in either direc- 
tion as desireil, and with it 
the main plunger of the operating valve. The pilot valve itself 
and its connection with the plunger of the main operating valve 
is so constructed that a partial movement of the operating lever 
would produce a partial opening of the pilot valve, and in turn, 
a partial opening of the main valve, if so desired. The full 
opening and closing were obtained by the full movement of the 
operating lever. 

VERTICAL HYDRAULIC ELEVATORS 

The horizontal hydraulic elevator had not been in use very 
long, when Mr. C. W. Baldwin, of New York, conceived the idea 
of using a vertical cylinder. This was not entirely new, as they 
had been used in Euroj)e, but not exactly in the manner in which 
he proposed to use his. The advantage of his form of hydraulic 
elevator was that it took up less room in the building, because it 
oould be set up in the same hatchway with the traveling cage, in 
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one corner of the well hole, and for the sake of economy in space 
it was usually made with a ratio of from 2:1 to 4:1, instead of 
from 6:1 to 10:1 as with the horizontal hydraulic. The conse- 
quence was that the cylinders^ were necessarily quite Icng, though 

smaller in diameter than the horizon- 
tal machine. They differed also from 
the horizontal in the fact that they did 
not use any guide ways for the croes 
head. 

The cylinder heing set vertical 
and a fixed sheave directly above it, 
the end of the hoist cables were made 
fast to a beam overhead and led thence 
down to the cross head and around the 
sheave in same, and up again over the 
fixed sheave before mentioned, thence 
over the sheave in hatchway directly 
above cage. This gave the machine a 
speed ratio of 2 to 1, and the piston 
would travel just half the distance of 
the cage, but it was found that a great 
loss of pressure occurred at the begin - 
^ , ... ning of the travel, owing to the top of 

T the cylinder being so high above the 

I 1^ level of supply. To equalize this, the 

discharged water was returned through 
a circulating pipe to the bottom of the 
piston, instead of discharging it into 
the surge tank or sewer immediately 
after it was used. By this means the 
weight of the water beneath the piston 
was used to equalize the pressure, but 
as this water beneath the piston was held there by atmospheric 
pressure until discharged, it was found that the length of the ver- 
tical cylinder could not be more than 38 feet at sea level, or its 
equivalent in other places. This limited the length of vertical 
cylinder that could be used, so that the ratio of this type of 
machine was governed somewhat by this. 




Fig. 9. Vertical Hydraulic 
Elevator. 
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But with all these machines, both horizontal and vertical, 
where the pressure was comparatively low. a great loss of power 
was caused by the friction of the piston in the cylinder, and the 
flow of the water through the pipes, as well as the difference in 
weight of the cables, depending on whether they were hanging in 
the hatchway on the side of the ear or on that of the machine. 
These cables, which were usually four in number, and sometimes 
more (and generally of about | inch diameter, weighing about | 
of a pound to the foot), would, M'hen the car or cage was at the top 
of the hatchway all hang down towards tliM machine, and in the 
case of a building say 100 feet high would amount to over 400 
pounds. Now while as a measure of economy, it was desirable to 
counterbalance the weight of the cage, it could not be done very 
closely with this difference in the weight of the cables on one side 
or the other, according as the cage was at the lower or upper land- 
ing. Hence, some means of counteracting this was found desir- 
able, and it was done by hanging chains in the hatchway, one end 
of them being attached to the wall of the hatchway about half way 
up the run or travel of the cage, their other ends being attached 
to the bottom of the cage. It will readily be seen that when the 
platform or cage was down at the bottom of the run, and conse- 
quently the cables on the car side hanging down in the hatchway 
and equalizing the weight of those on the other side, the chains 
would be hanging on the wall, but that when the cage was at the 
top of the hatchway and the weight of the cables preponderating 
on the other side, these chains would be hanging on the bottom of 
the cage, thus offsetting the weight of the cables. By this means 
closer counterj)oi8ing could \j^ obtained, and the desirability of 
this method of counterpoising, in after years, when much taller 
buildings came into existence, may very readily be seen. In fact, 
it became quite indispensable in the case of buildings of 17 or 18 
stories. 

Later on, the introduction of the electric elevator and the 
claim made for its economy of operation caused elevator builders 
to look for more economical methods of operatir^ the hydraulic 
elevators. One of the chief drawbacks to economy in the hydraulic 
elevator was the fact that the same amount of water had to be 
used per trip regardless of the load, and the introducers of the 
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electric elevators made the claim that an amount of current pro- 
portional to the load carried was all that was used. 

The introduction of the high pressure water system in the city 
of London had attracted considerable attention in engineering cir- 
cles, and the use of elevators in connection therewith had shown 
that a greater economy was possible with a higher pressure, owing 
to reduced area of cylinder, there being less friction and smallei 
consumption of water. The system of high pressures was intro- 
duced here, but it has not realized all that was expected of itc 
The enormous expense connected with the installation and main- 
tenance are the chief drawbacks, but during the time that was 
devoted to experimenting with the high pressure systems, one or 
two types of elevators were evolved that gave considerable satis 
faction, one of these being that of using a vertical cylinder with a 
ram, the weight of which was sufficient to lift the cage with its 
load. The hoisting of the load j*^ there fore, was done by discharging 
the water from the cylinder, and when the platform or cage was to 
bo lowered it was accomplished by turning the water pressure 
against the end of the ram and lifting it. This ram was geared 
in the usual manner by means of a cross head and sheaves having 
a ratio of anywhere from 2:1 to 0:1. 

Other schemes were devised for economy, one of which was 
to have two or more tanks at varying pressures, one tank having 
Bay 100 pounds pressure, a second 150, and using one or the other 
according to the load to be lifted, an automatic operating valvo 
being used in connection therewith. 

Another form of hydraulic elevator, which has always been 
very popular in p]urope, was the plunger machine or ram. This 
consisted cf a hollow plunger, which passed through a stuffing 
box in the top of the cylinder which was let down into the ground, 
the depth of same being the length of run from lower to upper 
landings, the platform or cage being set on top of this ram. When 
water was let into tlie cylinder the pressure of same against the 
bottom end of the ram forced it up out of the cylinder, and the 
cage with it, to the top of the building, the lowering being done 
by allowing the water to afterwards escape. The form of valve 
and its operation was the same in this case as in that of the other 
types of hydraulic elevators. 
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This style, of elevator, however, from the poiut of ecouoiuy 
had one objectionable feature that was peculiar to itself, and which 
was more noticeable in the higher runs or upper stories of build- 
ings. The plunger being 
hollow, to insure lightness, 
had a certain amount of 
buoyancy when wholly im- 
mersed, but w^hen run par- 
tially or entirely out of the 
cylinder, this buoyancy nec- 
essarily decreased, and con- 
sequently the lifting power 
of the elevator l)ecame less 

• 

and less as it reached the 
upper stories of the building. 
It consequently could not be 
counterbalanced very closely, 
l)ecau8e if that were done the 
plunger, in descending to the 
lower story, would come to a 
point where it would stop of 
itself because of its inability 
to displace the water in the 
cylinder. This was a matter 
tbat entered largely into the 
calculation of the r. rea of 
])lunger when arrangijig the 
j)roportions of cylinder and 
plunger, in relation to the 
pressure of water to be used. 
The earlier elevators of 
this type were usually made 
with a cast-iron plunger, 
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Pig. to. Plunder Elevator. 

which as before stated, was hollow, and, owing to the brittleness 
of cast iron, had to be re-enforced by running a heavy wrought 
iron rod up through the middle of the plunger, the lower end 
passing through the bottom end of the plunger, the upper end 
being made fast to the floor of the cage. Without this the sudden 
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opening of the operating valve would allow the esoape of water 
from the cylinder for deaoent, and when the cage was in the upper 
story it was liable to cause the plunger to break off. Such an 
accident as this occurred some years ago in Paris, causing the loss 
of one or more lives. 

In the case just mentioned, the wrought iron rod in the center 
of the plunger was absent, its absence being a fault in the design 
of the machine. To-day, however, with the introduction of Besse- 
mer steel tubing, the necessity for the center rod does not exist, 
the ends of the tubes being threaded internally, and a male coup- 
ling being used inside the pipe. The joints in the cast iron plunger 
were made by boring out the ends of the sections of the plungers 
and inserting a thimble nicely fitted, which entered each end of the 
adjacent sections to a distance of 3 or 4: inches, the ends of the 
sections of the plunger themselves being faced or squared off per- 
fectly in the lathe, and the whole being put together with a hy- 
draulic cement coni posed of litharge and red lead mixed with 
boiled linseed oil, or Japan varnish. These machines are very 
much in vogue to-day for short runs, and despite their lack of 
»f^uomj in operation, which must necessarily exist owing to the 
conditions described, a company has within the past few years been 
formed for the exclusive manufacture of this style of elevator. 

PACKING AND LUBRICATION 

Of course, in the nianufacture of all the styles of hydraulic 
elevators h^re described, a very important feature is the condition 
of the bore of the cylinders and the external diameters of the 
plungers. It is absolutely essential that both cylinders and plun- 
gers shall be parallel and smooth, any inequalities or inaccuracy 
causing a waste of the water used in operating them, and one of 
the most essential features in their care is the proper, and even, 
setting up of the packing, both in the glands of the plunger ma- 
ehine and in the piston of the cylinder machine. 

Many forms of packing have been devised, the earliest being 
the leathei cup, which is almost as old as the hydraulic press, in 
which latter it proved to be the most successful packing ever 
devised. In a hydraulic press, the ram or plunger travels a 
very short distance and very slowly, and under exceeding great 
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pressnre, but with the lower pressures used in hydraulic elevators, 
and with the greater rapidity and distance of travel of the piston, 
this style of packing was not found to be as long lived as could be 
desired. Hence, various other means were devised to overcome 
the defects found to exist in the leather cup. One of the best was 
that of using a heather cup exactly as the original, but smaller than 
the diameter of the cylinder by an inch or inch and a quarter, 
and to fill up the spacp between the leather cup and the bore of 
cylinder, rings of ordinary square pump piston jmcking, made of 
alternate layers of rubber and canvas, were used. These were held 
in place by means of a follower ring, and through the web of the 
piston leading directly behind the leather cup, small holes were 
drilled which permitted the water in the cylinder under pressure 
to obtain access l)ehind the leather. This pressure forced the 
leather outwards against the aforesaid rings of piston packing, 
pressing them against the bore of the cylinder, and allowing the 
passage of the piston in a water tight condition. 

This form of packing was used very largely in the vertical 
hydraulics, described above, and introduced by Mr. Baldwin, but 
this form of elevator had one great disadvantage over the horizon- 
tal type of machine, in that both ends of the cylinder were closed, 
and these conditions did not permit of proper lubrication. Hence, 
after machines of this type had run a few years the cylinders be- 
came badly scored or grooved, and there was a great leakage of 
water past the piston, and the only remedy was the reboring of 
the cylinders. In many cases, especially where elevators of this 
type had been installed where the water pressure was low, the cyl- 
inders had been designed with such thin metal in the walls that 
they would not admit of reboring. . In some cases, engineers had 
tried to introduce a lubricant in the water used to operate the ele 
vators, but with no very marked success. 

With the horizontal machines, however, one end of the cylin- 
ders being open, lubrication became an easier problem to solve. 
In these machines, owing to the greater diameter of cylinder, the 
leather cup and piston packing was not so readily applied and in 
lieu thereof, several forms of packing were adopted by different 
makers, each having his own particular choice. In some cases, 
plaited hemp was used. Others used the square piston packing 
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made of rubber and canvas before described. Still others nsed rub- 
ber cord; some used it in the square strips and others round with 
alternate layers of square j)iston packing, and each of these had 
its own particular merits and advocates. 

The piston had to be made with an annular space for the re- 
ception of this j)acking, so sliaped that the pressure of the neces- 
•>ary follower ring, which was essential to the tightening up of 
the packing, caused it to be forced outwards against the internal 
sides of the cylinder. This follower ring was made with a roomy 
groove in that part of it which extended outside beyond the pack- 
ing, and from this groove extended a pipe leading out beyond the 
open mouth of the cylinder to the cross head where a large com- 
pression grease cup was fastened and kept filled with grease. The 
tightening of a screw in this grease cup forced the grease through 
the pipe into the groove in the follower, thereby keeping the cylin- 
der constantly lubricated at every stroke, and to prevent its escape 
through the opt^n end of cylinder and consequent waste, a "wiper" 
or single ring of packing was used with an auxiliary follower ring 
to tighten it up as re(juired. 

There is a ]>eculiarity about the lubrication of the cylinders 
and plungers of hydraulic elevators not generally known to the 
jR^rsons in charge of these machines, which is that nothing but 
purely animal oil or grease will give perfect lubrication. 

Since the introduction of oils and greases that were partially 
or wholly com]K)se(l of prcKlucts of j)etroleum, their cheapness and 
adaj")tal)ility to revolving shafts and l)(»arings has made them a 
general favorite, but however well adapted they were for lubrica- 
tion of this nature, tli(»y were wholly unfit where water came in 
contact with the surface, and that is why they were not suited for 
hydraulic elevators. Each time the cylinder was filled with water, 
or when, in the case of the plunger elevators, the plunger became 
immersed in the cylinder, grease or oil that had been applied dur- 
ing the stroke would float away in the water, leaving the bore of 
the cylinder or external surface of the ])lunger entirely bare. To 
ol)viate this, it was necessary to use a purely animal oil or grease, 
which, being a In^tter resistant of water, would remain on the me- 
tallic surface for several strokes of the piston or plunger^ as the 
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case might be, and consequently was more economical and more 
satisfactory. 

LIMIT VALVES 

For limiting the travel of the cage to the upper and lower 
landings, in other words, to cause the water to be automatically 
shut off at these points independently of the efforts of the operator, 
the earlier hydraulic elevators depended entirely on button stops 
on the operating cable, working in conjunction with a striking arm 
on the cage. 

In all elevators it is the custom, in putting on the operating 
cable, to arrange it in such a way that pulling down on the stand- 
ing part of the cable which is used by the operator causes a motion 
of the elevator in an opposite direction, and vice versa. For in- 
stance, were the operator to pull the cable down, the car would 
rise. Now at a proper place on this cable is fastened a sort of 
clamp, being made in halves for the greater convenience in putting 
it on, and the two halves being fastened together with bolts. 
When put in place on the cable and clamped tightly there, it is 
immovable except with the cable. An arm of wrought iron is 
fastened to some convenient part of the cage sufficiently high to 
be out of the way of the operator, and this arm is formed at one 
end into a ring which slips freely over the operating cable as the 
car travels, and strikes the button just described, on arrival at 
either end of the run, moving the cable exactly as the operator 
would do it to the central or stop position. 

This arrangement worked very nicely and filled all require- 
ments as long as the operating cable was in good condition, but it 
was found in course of time that, as the operating cable wore or its 
condition deteriorated from any cause (the principal one being 
dampness in the pit at lower landing), it was liable to break, and 
this always occurred when it was least expected, the result being 
disastrous ia every instance. In some cases the piston would 
come out at the end of the cylinder, allowing the water of the cyl- 
inder to escape, causing serious damage, for it would continue to 
flow through the supply pipe, and at the same time the cage would 
be run violently into the sheaves at the top of the hatchway, often 
breaking them and causing other serious damage, and in the case 
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of the plunger elevators, the plunger would come out of the cylin* 
der, allowing the water to escape in like manner. 

To prevent this, various expedients were devised, among 
them being the limit valve. This was an auxiliary valve placed 
between the operating valve and the cylinder, and was so arranged 
in the case of the horizontal hydraulic elevator that cams attached 
to the piston rod at either end — one near the cross head and an- 
other near the piston — would engage an arm on a rock shaft, 
moving the arm so as to cause it to close the limit valve, and 
thereby prevent the ingress or egress of water to or from the 
cylinder according as the cage was at the upper or lower limit of 
its run The earlier forms of these valves were made single acting, 
that is to say, they simply closed the pipe between the operating 
valve and cylinder, and they were so arranged that they did not 
entirely close it unless the car went a few inches beyond the land- 
ing in either direction. When this occurred, the valve had to be 
opened by hand in order to give the cage headway in the opposite 
direction, and this was found to be a decided disadvantage. 

Then another form of valve was devised of the two-way type, 
taking water through one passage from the operating valve for 
hoisting, and discharging it through another from the cylinder 
through the operating valve also, thus giving the operating valve 
control of the water at all points, excepting the upper and lower 
limits of the run. With this arrangement it was possible to run 
down or up to the extreme limit, allowing the limit valves to take 
care of the stops at either end, because in this case when the limit 
valve shut off the supply of water for hoisting at the upper land- 
ing, it left the opening for lowering still open and vice versa. 

This form of limit valve proved all that was required of it. 
but even ^'^ was liable to derangement, so to overcome these difficul 
ties and to make it simply impossible for the elevator to run be- 
yond its limit, more care was taken with having the cylinders of 
the exact length required for the run, plus the length of the piston, 
and across the open end of the cylinder and spanning the piston 
rod, which was allowed to pass freely through it, was a very heavy 
bar of cast iron, which projected some inches beyond the outer 
diameter of the cylinder. Similar projections were made on the 
cylinder head on each side to correspond with the ends of the bar. 
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just described, and running along longitudinally between them were 
very heavy rods of wrought iron or Bessemer steel threaded at each 
end. The ends of these rods passed through holes in the lugs cast 
on the cylinder head and through the ends of this bar, and nuts on 
the ends of the rods bound the bar and cylinder head together. A 
rubber bumper was put around the piston rod, clamped there 
firmly,' and set partially in a recess made in the hub of the piston, 
and upon the arrival of the piston at the end of the run this rubber 
bumper would come up hard against the heavy bar of cast iron, 
which being made amply strong for the service it was to perform, 
prevented the travel of the piston any farther, and in like manner 
the piston came against the cylinder head of the lower limit of 
travel, there being a similar bumper of rubber fastened in the 
recess in the hub of piston on that side. Of course, these cylinder 
heads had to be strongly re-enforced to withstand the strain, and this 
was found to answer all requirements, for it would always operate, 
regardless of whether the limit valve or buttons of the operating 
cable gave out or not. 

In the case of the vertical hydraulics, which were known as 
the standard elevator, an appliance of this kind was not so easily 
put on, in fact none was ever devised that acted successfully. The 
only places they could be used was at the upper end of the run 
and at the lower end, between the cylinder and operating valve, 
and this had the disadvantage previously described as existing 
with the earliest form of limit valve on the horizontal machine. 
If the valve in the circulating pipe was closed it prevented the 
elevator from running in either direction; hence, it had to be set 
BO that it would not close entirely, and this very fact impaired its 
usefulness and effectiveness. In the case of the vertical plunger, 
however, it was very easily arranged, the cylinder being made so 
that when the plunger got a little below its lower limit of travel it 
was made to rest upon the bottom head of tjie cylinder, and fast- 
ened around its lower end was a ring which, when it reached its 
upper limit of travel, would come in contact with the bottom end 
of the stuffing box, thereby preventing its ever coming entirely out. 

ELECTRIC ELEVATORS 

The most popular form of elevator in use to-day is that oper- 
ated by electricity, And the general arrangement of machines now 
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in use is tbat of a worm and gear wheel actaated by an electric 
motor, the gear wheel being attached to a winding drum or spool, 
the whole machine, of course, being bolted to an appropriate bed 
plate, and the worm 
Bhaft fitted with the 
proper form of braking 
apparatus for use in 
stopping. 

The motor used for 
operating an elevator 
has to differ somewhat 
from one used in driv- 
ing ordinary machinery, 
in that it has to start 
up from a state of rest 
with the load on it, and 
it is a well-known fact 
that ordinary shunt- 
wound motors are very 
weak at starting, hence 
a modification t>ecame 
necessary. This was dis- 
covered very early in the 
introduction of the elec- 
tric elevator. 

To overcome this 
difficulty a very strong 
series field winding ia 
used, and this is usually 
arranged in two or three 
sections, and it should 
furnish fully 30 or 40 per 
cent of the field excita- 
tion. The shunt winding 

is made proportional to 
Pill. 11. Electric tile valor. ,, .. , ■!_ e .i 

the entire strength of tiie 

motor, and when the motor is started, both series and shunt 

field windings are actuated, and as fast as the motor picks up 
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eufficient speed, one sectioD after anottmr of the series wiodiiig 
la cut out, leaving the motor entirely on the shunt winding when 
it has attained normal speed. By this means a regular speed 
under any load is obtained, the series \vinding being used simply 
to give the necessary torque for starting. 

The reason the series winding is cut out when the motor 
attains normal speed is that if left in action the speed of the motor 
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would vary with the load, and this would be more noticeable dur- 
ing a descent of the load than when lifting, for it would accule- 
rate the descent at a rate that would be constantly increasing irntil 
the end of the run. By cutting out the series winding and allow- 
ing the motor to run on the shunt only, this is avoided. These 
conditions are bronght about by means of the controller. 

The offices of the controller are varied. It has first to turn 
the current into the motor through a certain amount of resistance; 
second, to gradually cut this out in steps as the motor increases 
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in Bpeed. At the same time it mast gradually cot out the aeries 
winding in eections, and when the elevator is lowering, it alao has 
to take care of the short circniting of 
the armature, which will he explained 
later on. It consistB nsnally of a 
switch for cutting out or breaking 
the circuit and for closing it, making 
suitable conuMitioDg to the armature 
leads to cause the motor to run in the 
direction required. This switch is so 
arranged that when the circuit is 
closed, it releases an arm or a cross- 
head that drops by gravity and there- 
by cuts out the resistance in steps, 
doing it by moving the contact piece 
over a number of plates; the speed of 
its descent is governed by the escape of air from a dashpot. Ib 
some cases, instead of releasing the arm described above, it acta- 




fig. 14. (A) wiring Diagram tor Mecbanlcal Controller, 
ates a solenoid which lifts the arm or cross-head, its speed being 
governed in the eaine manner by the use of a dashpot. The break- 
ing of the motor and solenoid circuit ia done simnltaDeonsly just 
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prior to the stopping of the elevator, and where the speed of the 
elevator, or the weight 
of the loads it carries 
make it desirable, the 
controller is bo con- 
Btrncted that when the 
line circuit is broken fur 
stopping, while the ele- 
vator is lowering, it cuts 
in a certain amount of 
resistance with the arm- 
ature, causing the £.M.- 
F. in the armature to 
pass through this resist- 
ance, thereby retarding 
the speed of the motor. 
This E.M.F. becomes 
weaker as the speed of 
the armature decreases, 
until it finally ceases 
with the motion of the 
motor. This method of 
bring! ng the elevator 
motor to a standstill is 
used in all standard 
makes of electric eleva- 
tors to-day, and has been 
in use since about 1895. 
In addition to this, a me. 

chanical brake, operated - ■ 

from the rock-shaft of 
the machine itself, and 
also a separate mechani- 
cal brake, operated elec- 
trically by a solenoid, 
are used. In the case of Plg. 1G. Electnc Klevator wuu UTemeul Driving 

the latter, the solenoid ^ "" *""■ 

IB so arranged that it releseea the brake when the circuit ie closed- 
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TbiB method of stopping and starting, just descrilxKl, is the 
one generally used with a mechanical arrangement for operating 
the elevator; that is to say, with a hand cable or a lever-operating 




pig. 111. (B) wiring Dlagrftm ol Conlrollor with Separate Switch. 
device; the cutting out of the resistance upon the starting of the 
elevator is purely mechanical. The arm or cross head on the con- 
troUer, which cuts out the resistance in steps, is made to move 
over the contact pieces arranged for this 
purpose, either by gravity or by a solen- 
oid which moves the arm or cross bead; 
for these eontroliera are made both ways. 
Some have an arm working at one end 
upon a pivot, the other end carrying the 
carbons over the contact pieces; other 
types have a cro^s head which ascends 
or descends according as gravity or the 

pig. 17. Circuit Closing Switch. , ., ■ . ^- mi. 

solenoid comes into action. Ine cross 
head always has two sets of contacts. 

The time of movement of the arm or cross-head, as the case 
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rnaybe, is governed by the use of a dashpot. The earlier forma 
of dashpots were filled with a light oil which would flow freely, 
and the movement of the plunger in the dashpot caused the oil to 
flow from one end of the cylinder to the other, through a very 
small opening, which waa adjustable as to size. The time in 
which the arm or cross head passed over the contact plates was 
thus regulated, but it was found that the oil was affected by tem- 
perature, very cold weather making it sluggish and thick, and the 
action of the arm or cross head correspondingly alow. Sometimes 
where the oil was of a volatile nature, considerable waste would 
occur from this and other causes, and then upon closing the circuit 
the plunger would move very rapidly until it struck the oil and 
waa brought up with quite a shock, and reaiatance waa cut out 
quickly for two or three steps. This had a bad eflEect. Some- 
times too, the attendant would neglect to 
repleDisb the daahpot at all and it would 
become entirely empty ; then the resistance 
would be cut out so suddenly as to en- 
danger the safety of the motor. To rem- 
edy this a dashpot of aomewhat larger di- 
ameter was used, having a nicely fitting 
piaton, and the air in the daahpot waa Im- 
prisoned, being allowed to escape through 

a minute bole at the top or bottom, ac- p^_ ,^ mootrio op«r»tiiw 
cording to the way the dashpot was placed. switch tor car. - 

The opening being adjustable by means of a screw, the arm or 
cross head could be made to pass over the contact pieces at any 
speed desired, the usual time allowed from closing the circuit to 
attaining full speed being from four to five seconds. 

With elevators running at a high rate of speed, however, say 
300 feet per minute or more, this method of operation was not as 
perfect as could be desired ; hence, there was devised what is called 
the electric control. This consists of a small switch located in the 
cab. From it wires are run in the form of the flexible cable to a 
pt'nt midway of the run of elevator, where the end of the cable is 
attached to the wall of the shaft, and from that point wires are run 
to the controller. This cable has to convey but a very small 
amount of current, simply sufiicient to actuate one or more solen- 
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Olds OD the cODtraller. These solenoids operate the switches which 
make and break the circuit in either direction. The throwin;; of 
this switch in the cab to the upright or central position, breaks the 
circuit always, and moving 
it either to the right hand 
or left will close the appro- 
priate switch on the con- 
troller to run in the direc- 
tion desired. This is done 
by actnating a solenoid oq 
the controller, as before 
etated, which closes the 
switch to rnn the motor in 
the direction desired. The 
cable attached to this 
switch has to have at least 
three wires, one for the line, 
and the other two for their 
respective solenoids, but 
Bsnally the cables are pat 
in with a niiraber of wires, 
so that if anything happens 
to any one of those in nse, 
one of the dead wires can 
immediately be connected, 
and thus the necessity for 
replacing the entire cable 
is obviated. 

Controllers of this 
description operate in va- 
rione ways; in some, as 
soon as the line cironit is 
closed, a solenoid is actu- 
ated, which cots ont the 
Fig. ». Ei9<,trtcauy operand ooatroiier. resistance in the same man. 
oer as described as being nsed for the lever or hand-cable control. 
Another form of coutroller does it in a different manner, which 
will be described. 
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The armature is coDoected with a number of Bolenoida, each 
coDDected with a BeparaCe step of the resistance, and so arraoged 
that they require varj'ing amounts of current to actuate them, and 
the E.M.F. in the armature actuates these solenoids in rotation, 
the motor being started up at 
first and running slowly, the 
E.M.F. in the armature ia weak 
and actuates only the first solen- 
oid, which then cuts out the first 
step of the resistance. As the 
speed increases, the E.M.F. be- 
comes stronger and successively 
cuts, out through the other 
solenoids, all the resistances as 
the motor attains full speed. 
When the circuit is open for 
stopping the elevator, these 
solenoids all drop back to their 
original position and are ready ■ 
for the next start, and they are 

used to cut out the resistances ^ *" M«chanlcal CootroU«r, variable 

in either direction of the motor. 

The E.M.F., as before stated, is frequently used as a means of 
retarding the motion of the elevator when a stop is desired, the 
most effective method being to introduce a set of resistances in the 
controller specially designed for the purpose. It is arranged on 
some elevators so that the E.M.F. actuates a solenoid which ap- 
plies the brake, the latter being held off by a strong spiral spring. 
"When the circuit ia broken, the same movement that opens the 
Bwitch, connects the armature with this solenoid, and if the elevator 
is rnnniog very fast, the E.M.F. being strong, applies the brake 
very hard. Aa the cnrrent in the armature, owing to the slowing 
down of the motor on the application of the brake, becomes weaker 
the pressure on the brake becomes lees, until finally it ceases en- 
tirely, and at this point the other mechanical brake operated by a 
solenoid, whose office is only to release it, ia applied permanently 
by mechanical means. With this arrangement, ODe solenoid slows 
the motor and brings it to a stop, and having attained that point, 



J 



84 ELEVATORS 

die other solenoid releases its bold on the brake and allows the 
spring to apply it. 

This latter arrangemeDt, however, of using the E.M.F. to ap- 
ply the brake, ie simply a roundabout way of reaching the result — 
partly by mechanical and partly by electrical means — and is not 
really necessary; the short circuiting o£ the armature through re- 
sistances in the controller is all that can be desired. 

In many elevators where a variable speed is desired, connec- 
tion is made between the armature and a solenoid connected to a 
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switch which ia kept closed except when the solenoid is actuated. 
This switch closes a circuit between the shunt £eld coils and a bank 
of resistances in the controller, specially designed for the purpose, 
and has the effect of weakening the fields. This causes the motor 
to run at a greater than its normal speed, so that with a light load 
where the E.M.F. in the armature is not great, the elevator will 
always start np and run much faster than when a full load, or one 
nearly approaching it, is in the cage; for when the greater load has 
to be lifted, the E.M.F. in the anuature becomes strong enoogh to 
actuate the solenoid, which opens the switch, thereby cutting out 
the resistance in the fields and leaving them stronger, and the 
speed of the motor immediately becomes slower. This is a very 
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nice device and does its work automatically and is quite reliable. 
The idea of weakening or strengthening the fields of a motor 
to gain or lessen speed is almost as old as the first electric eleva- 
tors, but where current is taken from a public supply, or where 
only one elevator is used, it is usually not practicable to deviate 
from the methods above described. The ideal electric elevator, 
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Fig. 22. (D) Wiring Diagram of Controller with Solenoid Cut-outs. 

however, is one where a separate dynamo is used for supplying the 
fields and one for the armature. A field regulator connected with 
the dynamo supplying the fields can be placed in the cab, by means 
of which the operator can weaken or strengthen the fields of the 
dynamo supplying the current to the fields of the armature driv- 
ing the motor. By this means a great variation in speed may be 
had. But while fairly economical in its operation, it is a plant 
that is expensive to install, and though it has been done in a few 
instances, there are not many of this type of elevator in existence. 

ELECTRIC LIMIT SWITCHES 

It was found in operating electric elevators that more space 
was needed between the cab and the overhead sheaves at the upper 
part of the run, and that a deeper pit was also required at the 
bottom of the run on account of the occasional slip of the braka 
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For frequently, although the mechanical, automatic or limit stop 
on the machine would break the circuit and apply the brake near 
the end of the trip, there were cases — for instance when the empty 
cage was required to ascend at full speed and the brake had be- 
come slightly worn and did not grip as firmly as usual — that the 
cage would go beyond the landing, and the additional space men- 
tioned above was required to prevent a collision. This also hap- 
pened sometimes at the lower end of the run when an extra heavy 
load was descending. A lack of care on the part of the operator in 
breaking the circuit in sufiicient time, or the causes just mentioned, 
would cause the cage to run down to the bottom and bump. To 
avoid this, as an extra measure of safety, switches are sometimes 
placed at the extreme limit of the run, the line' wire being carried 
up the hatchway through the switch and returned. 

These switches are opened by the car automatically if it 
should pass a certain point, and the opening of this switch breaks 
the circuit and at the same time applies an extra strong emergency 
brake. The switches are operated by means of cams attached to 
the cage. 

MISCELLANEOUS ELECTRIC ELEVATORS 

There are one or two other types of elevators that have been 
more experimental than practical in their nature, which will be 
mentioned here. One of them, the Pratt-Sprague, consists of a 
long screw running horizontally in bearings at either end, which 
is driven directly by a motor placed at one end. The screw runs 
in a nut having a cross head, which travels on guides horizontally, 
the same as the cross head of a horizontal hydraulic, and is sup- 
plied with sheaves on either end. The construction of the machine 
is such that a double set of traveling sheaves and also fixed sheaves 
is necessary. The cables are rove over these sheaves similar to 
the method described for the horizontal hydraulic, and the motor, 
of course, is reversible. 

One of the principal features of this type of machine was the 
construction of the nut which traveled on this large screw. It 
was supplied with steel balls on the pull side of the screw, and they 
ran close together in single tile through a channel, which carried 
them around through the threads of the nut and caused them to 
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retarn to the other end of the same after they had passed through. 
Of couree, there had to be so many of them that they completely 
filled the channel from one end to the other, and it w&s thought 
that their ase would reduce the friction to a tninimum. It vraa 
found, however, in practice that tbey would get flat spots on them 
and cease revolving, and where they did this they would cut grooves 
or scores in the thread of the screw, which latter was a serious 
matter. They are very prone also to become deranged, and their 
operation was not as economical as had been anticipated. 

Very few of these elevators are in use at the present time. 
The controlling device, however, was quite novel and the operation 
of the cage very agreeable and pleasant. The control of the motor 
driving this screw was effected 
by means of a small pilot motor 
operated in turn by meauB of 
pneh buttons id the cage. 

Another type of elevator 
'3ras that devised by Mr. Fraser, 
of California, the driving mech- 
anism of which consisted of 
two motors set one above the 
other. They were necessarily 
slow speed motors, and each one 
had upon the armature shaft 
sheaves of about 20 inches di- 
ameter. The motors themselves 
ran at a speed ot about 420 
r.p.m., and the cables were so 
arranged as to form a double 
bight or loop below, in each of 
which one of these pulleys on 
the armature shaft ran as shown 

in the accompanying illustra- Pig- W- Diagram of Fraser Eie™tor. 
tioQ. The upper ropes of the cables had sheaves carrying them 
and running in a frame, to one of which was attached the car 
cable, and to the other the counterpoise cables. These motors 
ran in opposite directions, and in the cab were placed rheostats for 
weakening or strengthening the fields. By this means the speeds 
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of the motors could be varied. By reference to the diagram 
illustrating this description, it can readily be seen that when both 
motors were running at the same speed, no motion of the car was 
obtained, but by varying the speed of either motor the car would 
run at a speed equal to half the difference of the two motors. No 
reversing apparatus was needed with these motors; they ran con- 
tinuously in one direction, the motion of the car being gotten 
entirely by the change in speed, and the most desirable stops and 
starts were obtained. But the machine was very severe on the 
cables, so destructive in fact that they had to be renewed fre- 
quently; and taking it altogether, it was not found as desirable a 
machine as had been anticipated, either from the point of economy 
or maintenance, but results in operation were all that could be 
desired, including the speed attained and smoothness of stops and 
starts. 

ELEVATOR ACCESSORIES 

An elevator is really a vertical railway, but differs from one 
running on horizontal rails in that it does not use wheels, but 
.slides on its trdck, and in order to avoid friction as much as pos- 
sible, the cage should be hung centrally. The rails used for the 
cage to travel on are, in the more common types, usually of wood, 
hard maple being the material mostly adopted, and it is kept con- 
stantly lubricated with some form of grease. The guide ways 
after some weeks' use become rough and dry from various causes, 
principally from the rubbing off or evaporation of some of the 
component parts of the grease, and also from the accumulation of 
dust, which sticks readily to the lubricant. They then have to be 
cleaned off and relubricated, the object being of course to keep 
them as smooth and free from friction as possible. 

Great care has to be taken when installing them to have them 
in perfect alignment and the joints very even; and maple, being a 
wood that is prone to warp, has to be put on in short pieces, the 
usual lengths being about four feet. The ends of these guides are 
tongued and grooved to fit into one another, and where the guide 
posts, to which they are attached, are made of wood, they are fast- 
ened thereto by means of appropriate lag screws, the ends of which 
ftre recessed into the face of the guides. The shoes oq the cage 
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whicli run on theae guides are usually inacliine<] to fit, and are 
made as smooth as possible at tlieir faces of contact. 

The device generally used for stopping the cage in case of a 
sodden descent, caused either by tlie breakage of the cables to 
which tlie car is suspended or by the derangement of any part of 
the machinery, is a pair of dogs, one placed in each gnide-shoe 
heneath the car on opposite sides. These dogs are in the form of 
an eccentric, the outer 
face of which is supplied 
with coarse teeth, which, 
when the dog is revolved 
on its axis, corae in con- 
tact with the gn ide 
strips; and as these teeth 
enter it, the descent of 
the car causes a further 
partial revolution of the 
dogs, so that the guides 
become t i g li t e r and 

tighter as tlie car de- ^'8-« Eccentric Satetr Dog. 

scends, and bring it to a stop. This ojjeratiou takes much less 
time to occur than it does to describe it here, the fact being that 
after the dogs begin to catcb, the car descends but a very few 
inches before it is brought to a dead stop. 

Theae dogs were originally used in connection with a spring 
for throwing them; hence when they acted at all they acted very 
quickly and before the platform had gaine<I much headway, and 
while this was (juite satisfactory in a slow running elevator, it was 
found to be quite objectionable with elevators of high speed — the 
sudden stopping producing a severe shock to the occupants of the 
cage — and moreover there were many cases where the elevator 
would descend rapidly, and the dogs failed to act, because they de- 
pended on the severing of the hoist cables for their action. They 
were operated by a spring which, being held in tension by the 
weight of the cage on the hoisting cable, would never act while that 
tension existed. Hence, it the caldes were to break at or near the 
drum of the machine — the machine being located in the basement 
— these cables had to pass from the drum up and over sheaves at 
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the top of the hatchway and it would reqnire considerable power 
to drag them over these sheaves. This would be sufficient in itself 
to hold the spring out of action. 

With the introduction of the safety governor, however, this 
trouble disappeared. The governor is a revolving sheave having 
within its rim dogs or arms set upon pivots and held in place by 
means of strong springs, either spiral or flat. These springs are 
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Fig. 25. Arrangement for Throwing Safety Dogs. 

SO adjusted that the normal speed of the elevator does not affect 
either them or the dogs, but should the speed of the elevator ex- 
ceed the normal by •about 25 per cent, the centrifugal force exerted 
by these dogs, which are weighted somewhat, will overcome the 
tension of the springs, and they will fly out beyond the rim of the 
sheave, catching on a stand in which the sheave runs and stopping 
its revolutions entirely. 

Now this sheave has a V-shaped groove in which runs a 
manila rope about ^ inch in diameter. One end of this rope is 
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made fast to a lever on the top of the cage, which operates the 
safety dogs, the other end is carried down the hatchway and around 
another sheave at the bottom and back again up to the cage, where 
it is attached at some convenient point, usually to an arm placed 
on the stile for that purpose. This sheave, which runs in the 
bight of the governor rope, is in a frame, which runs on guides 




Pig, 86. Dlagratai of Safety Governor 

and has a moderately heavy weight attached below it which serves 
the double purpose of keeping the governor rope taut and of tak- 
ing up or compensating for the stretch of the rope. It also gives 
the necessary tension for driving the governor, and when the 
sheave in its revolutions throws out the dogs and stops itself, as 
before described, the V groove in the sheave grips the governor 
rope tightly and thereby pulls on the* safety lever on the cage and 
throws in the safety dogs. It can be readily seen that with an 
appliance of this kind, the cage would have to descend quite a 



365 



42 ELEVATORS 



distance before its speed would increase sufficiently beyond the 
normal to actuate ihe governor, and for this reason the style of 
safety dog described above, which was the first form introduced, 
was very objectionable, on account of its sudden stopping of the 
cage at the high speed it had attained by the time the dogs were 
thrown in. Therefore a modification of it was introduced in the 
form of a chisel, which, instead of catching into the guide strip 
as suddenly as the eccentric dog, would plane it out for quite a 
length, only entering deeper after the car had descended some 
little distance aud thereby bringing the cage to a more gradual 
stop. 

The form of safety governor described above is the one now 
in general use; the earliest form, however, differed slightly from 
it, being a governor having arms with balls on the ends, and re- 
volving horizontally. The same method of driving it, however, 
was used, except that this governor was placed on the cross beam 
of the cage and threw the safety directly itself. 

A still earlier form of this type of governor was used at the 
top of the hatchway, many years ago, but not driven by a rope. 
In the case here referred to, drums were used at the top of the 
hatchway, and separate cables from the hoisting engine were run 
directly to the drum overhead, terminating there. Other cables 
were run from that drum down to the cage, so that there was a 
constant winding of one set of cables on the drum and unwinding 
of the others, according to the direction the elevator was going. 
This drum had on its axis a gearwheel, which drove the governor, 
and the governor, in that case released a very heavy weight placed 
on the end of the lever. The dropping of the weight applied a 
powerful brake to the rim of the drum. This style of governor 
is not much used at the present time. 

With the introduction of higher speeds in elevators a guide 
post and guide combined in one, and made entirely of steel, was 
devised aud used, and it is in use to-day with all the high-class 
elevators; but its introduction, while giving greater smoothness of 
operation and offering many advantages that the wooden guide 
did not possess (that of remaining in alignment and consequently 
giving smoother action being the principal one), caused the neces- 
sity for a different form of safety than the eccentric or chisel dogs, 
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before described, which were not applicable to this form of gaide, 
hence a new device had to be introduced. This was in the form 
of a powerful pair of nippers placed below the car, one on each 
side. The inner ends of these nippers on being forced outward^ 




Fig. 27. Safeties for Steel Guides 

caused the jaws of same to grip the steel guides with tremendous 
force, but the means of applying them being gradual they did 
not stop the cf ge suddenly but allowed it to slide several feet, 
bringing it gradually to a stand. 

The form of governor used to actuate these safeties is similar 
to that described above. The pulling of the governor rope causes 
the release of a very powerful coil spring under the car, which 
forces the dogs into action. There are several forms of this de- 
vice, none of them differing materially, except in the method of 
applying the power to grip the guides, one or two of them dis- 
pensing with the coil spring, before mentioned, and using a 
powerful screw and knee joint. The screw is operated by the end 
of the governor rope, which is coiled several times around a spool 
or barrel on the body of the screw. The governor rope is gripped 
by the governor, and the descent of the car uncoils the governor 
rope off the spool, which is made to revolve, and, being attached 
to the screw, causes it to revolve. This action causes the knee 
joints to force the long end of the nippers apart, the short ends 
gripping the guides powerfully. 

Another point in which the elevator differs from the horizon- 
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tal railway is that in moving a load on an elevator the force of 
gravity has to be overcome as well as that of inertia. Hence, it 
is fonnd to be economical to counterbalance the cage, and for that 
reason slides very similar to those on which the cage travels, but 
lighter in construction, have to be provided, in which a counter- 
poise weight travels. Sometimes more than one of these counter- 
balance weights are used, in some cases running in separate slides, 
in others, varying with the conditions, with each weight having a 
slide to itself. 

When a counterbalance weight is used, which is attached 
directly to the cage, it can never be as heavy as the empty cage 
by several hundred pounds, depending largely upon the lieight of 
the building and the number of cables attached, for when the cage 
is at the top of the run, these cables hang over on the opposite 
side of the sheaves and have the effect of further counterbalancing 
the cage. The weight of the cage itself must therefore be greater 
than the combined weight of these cables and the counterbalance 
weight, otherwise, the cage would not descend when empty. 
When it becomes necessary to have the counterbalance weight 
fully as heavy as the empty cage, or, as occurs in many instances, 
it is required to be greater than the cage, this counterbalance 
weight has to be attached by means of cables running over sheaves 
at the top of hatchway to the opposite or back side of the hoisting 
drum. Where a cage is large and consequently quite heavy, the 
attaching of a counterpoise to the cage itself, as well as to the rear 
side of the hoisting drums, is done as a means of relieving the 
hoisting cables of a part of the weight they have to carry, and 
this adds to their durability and safety. 

In the case of the electric elevator the over-counterbalancing 
of the cage is found to be quite economical in this way. An esti- 
mate is made of the average load which the elevator has to lift in 
its daily service, and it is over-counterbalanced to about this 
amount, the result being that, with the average load, the only power 
to be exerted in moving it will be that necessary on account of 
the friction of the machinery. For instance, it may be estimated 
that the average load of the elevator will be 500 or 600 pounds, 
although it is built to lift say 2,000 pounds. If it is overweighted 
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this amoant, it will be on a balance with the average load, and the 
amount of power required to move it will be a minimum. 

This arrangement is found to give very good results as to 
economy in operation, but of course in order to get the very best 
results the cage should be built as light as possible commensurate 
with the requisite strength and stability; for if the cage is made 
unnecessarily heavy and it has to be counterbalanced equivalent to 
its weight, there is that much heavier body of material to start and 
stop each time the elevator is operated, and there is that much 
greater inertia to overcome, which consumes power. The neces- 
sity, therefore, of building everything as light as possible will be 
readily seen. 

Where two counterbalance weights are usecl running in one 
slide, it should be an invariable rule to place the heavier weight, 
which is always that one attached to the rear side of hoisting 
drum, below the one attached directly to the cage, for there is a 
liability at times of counterbalance weight cables breaking, the 
same as there is with hoisting cables. Should this occur with the 
drum or heavier weight above the cage weight, the consequences 
would be disastrous, for combined they would weigh considerably 
more than the cage, and in falling would rush it upwards to the 
top of the hatchway at a great speed, provided of course that the 
cables by which the car weight was attached did not give way. 
Where the cables of the lower weight pass the upper weight, 
the latter is usually slotted throughout its whole length to allow 
their passage. 

The best form of counterbalance weights used at the present 
time in elevators is made in sections so as to be readily changed 
or adjusted when desired. They consist of a head and bottom 
weight, which are usually provided with suitable guide shoes to 
run on the slides, and between them are shorter weights, which do 
not touch the guide, and which are called subweights. Tlie whole 
number of weights are held together by means of strong iron rods 
with double nuts at either end. These pass through holes cast in 
the upper and lower sections of the weight, and the intermediate 
or subweights are held in position on these rods by means of 
grooves in their ends, which fit over the rods, the whole being 
clamped together firmly by means of the nuts just mentioned. 
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Sometimes, where the counterbalance weight is necessarily very 
long, a middle weight with guides on it is inserted, through which 
the rods holding in the eubweights pass, thus giving it greater 
rigidity and safety. 

A very important part of the elevator is tho overhead sheaves 
and bearings. In the earlier forms of elevators, these bearings 
were set on wooden beams overhead, passing across the hatchway 
in the proper direction to let the cables drop where required. In 
later years, however, general practice seems to lean to the use of 
steel I-beams for this purpose, and they are certainly much safer 
in case of a fire occurring in the building. It frequently happens 
in case of a fire that the elevator is one of the principal means for 
getting people out of the building, and where these beams are of 
steel there is no doubt as to their greater safety under such condi- 
tions. The sheaves should always be as large as can possibly be 
used under the circumstances, — never less in diameter than the 
drum around which the cables wind — ^and the rule usually adopted 
is that the sheave should be at least 40 times the diameter of the 
cable which is to run over it, and as much larger than that as the 
conditions will permit. It is also very important that the score 
of these sheaves should fit the cable very well, otherwise, with 
heavy loads the latter becomes distorted, and even under the best 
conditions the wear of the cable will be rapid unless* lubricated. 
For this purpose, there is nothing better than raw linseed oil ap- 
plied with a brush, and it is very much improved in usefulness if 
a small quantity of the finer quality of plumbago be mixed with it. 
This material when unrefined is full of grit, and is put on the 
market in this condition for use as facing for moldings in foun- 
dries. It is very essential that this kind be not used, for the pres- 
ence of the grit will have exactly the oppposite effect to that in- 
tended. After the plumbago has been carefully freed of all the 
grit it contains, it is a very good lubricant and in this condition it 
is very serviceable, both for the purpose just described and, in con» 
nection with grease, for the slides. 

CABLES 

Should the wires of the cables used in hoisting be run per- 
fectly parallel to one another, they would not only last longer bat 
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they could be subjected with safety to a much greater strain, but 
that is found to be impracticable with running ropes, hence they 
have to be twisted, first in strands of 19 wires each, then six of 
these strands are twisted together around a center or heart made 
of hemp. The object of this arrangement is that in working over 
the sheaves the wires may rub on something softer than them- 
selves and not abraid, for the parts of a hoisting cable when in 
use undergo many changes in position. For instance, when pass* 
ing up the hatchway, the parts remain normal or as they were 
when made up, but when they come to the sheave the strands 
necessarily change positions slightly, being bent in a circle, and 
afteT passing over the sheave and down on the other side they 
change again to nearly the original position. As they are twisted 
around one another, different parts of the same cable change their 
relative positions quite frequently, for their very shape — being spi- 
rally wound around one another — causes them to roll slightly in the 
grooves of the sheave, and they do not always fall into exactly the 
same position when they return. Hence, the absolute necessity 
for some sort of lubrication. This change of position or twisting 
of the cables has made it advisable in cases where a large number 
of cables are used together (say for instance four or six cables run- 
ning over one sheave) to use them alternately of right and left 
hand lay, the meaning of which is that some cables are twisted 
right-handed and others left-handed, and by using them alter- 
nately in this way they serve to correct the action of each other 
and prevent many minor troubles that will occur when laid up 
alike. 

The scope of this article will not permit going into details 
relative to the proper fastening of the cables, which is a very im- 
portant feature, but which is really in the hands of the elevator 
constructor, and with which the attendant has little to do. 

The journals of the gudgeons or shafts upon which the 
sheaves revolve should always be of soft strong steel and of ample 
diameter, and the boxes in which they run should be lined with a 
very good quality of babbitt, and should be provided with good 
lubricating facilities. They are parte of the elevator that are 
neglected perhaps more than any other. Being at the highest 
point and out of the way, they are very seldom noticed, but at th^ 
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same time too much emphasis cannot be placed upon the absolute 
necessity for properly attending to this important feature of the 
machine. 

The operating cable, owing to the impossibility of following 
the rule laid down for the hoist cables regarding the diameters of 
sheaves, is usual to make of a much finer wire, and the number 
of wires to a strand is also greater. It is usually that kind of 
wire rope which is termed tiller rope, and is soft and flexible. 
The diameter is almost invariably ^ inch, except in cases where 
the lever device is used, when the necessity for a rope of that size 
does not exist. The J-i ich diameter is used principally because 
it is convenient for the hand, and it is seldom that a larger sheave 
than 12 inches is found practicable, but in any case, whether for 
hand cables cr hoisting cables, iron ropes should always be used. 
It is true that a steel rope has a greater tensile strength, but the 
bending over the sheaves causes it to crystallize much more rapidly 
than an iron rope does, and it will consequently commence to 
crack sooner. The very best iron for this purpose is either Swed- 
ish or charcoal iron, which are very nearly pure, exceedingly duc- 
tile, and will stand the bending and straightening for a much 
greater length of time than a steel rope. 

Wire cables have, in some instances, been known to run with- 
out fracture for eight, ten, and even twelve years, but there are 
very few in constant use that last more than three or four years. 
Some do not last longer than two years where subjected to con- 
stant and severe service, and In any case they should, on general 
principles, even if showing no outward signs of deterioration, be 
changed for new ones at the end of live years, under the most 
favorable circumstances. Cracking occurs very gradually and can 
readily be detected long before it actually occurs by the exterior 
appearance of the rope, but there are many cases where ropes 
crack inside before they do on the outside, and this can only be 
discovered by getting the rope entirely slack and slightly untwist- 
ing it so that an examination of the interior can be made. Hold- 
ing one's hand gently on the rope while it is running will fre- 
quently detect a cracked wire if it be on the outside, but an ex- 
amination of this kind must be carefully made to be of any serv- 
ice. 
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In regard to eheaves, sometimes an arm will crack through 
am undue shrinkage strain brought about possibly in some cases 
by disproportion in the design, or by unequal cooling in the foundry. 
In such cases the crack usually opens quite wide, but where it 
occurs from undue shock or jar, the fracture may occur and re- 
main closed, so that it is not detected. Still the sheave is unsafe. 
Usually this can be perceived by care on the part of those in 
charge, for when the arm containing the fracture is in such a 
position that it is not subjected to the strain of the cable running 
over it, the crack, however minute, will open slightly, and it is 
liable to absorb or take in a minute portion of the oil which is 
generally on the sheave and which runs down from the journal 
boxes. This arm when it comes around to that point where it is 
subjected to compressive strain will force the oil out of the frac- 
ture in the form of a small line projecting above the surface of the 
sheave. It requires a sharp eye to detect this, but it can be seen 
with care, and many a possible accident has been avoided by the 
acuteness of the attendant in this respect. It is here mentioned 
for the benefit of those readers who may be in charge of elevators. 

AIR CUSHIONS 

About 1878 Mr. Gray, of Cincinnati, conceived the idea of an 
air cushion as an extra means of safety for elevators, and obtained 
the first patent for a device of this kind. The air cushion con- 
sists of an extension of the hatchway below the lower landing, and 
is in the form of a strongly enclosed air-tight chambei" open only 
into the hatchway above. The guide posts are run down into this 
hatchway and the cage is made to fit it rather closely. This is 
usually done by fastening strips of thick rubber or leather below 
the floor of the cage, and allowing them to project to within about 
J inch of the sides of the air cushion. Now in case the cage should 
break loose from the cables, it will descend until, having entered 
this chamber a certain distance, the air contained withia the cham- 
ber is compressed sufiiciently to resist the further descent of the 
cage. At this point it begins to escape through the margin left 
all around the sides and the speed of the cage's descent ia retarded 
until it sinks gradually to the bottom of the chamber withoat 
shock or jar. 



373 



50 ELEVATORS 



The margin all aroand the cage for th^ escaping of air is a 
irery essential feature to the success of this device. Many errors 
were made in some of the earlier forms of this device, owing to 
this feature not being well understood, for it is quite possible, 
where the air is confined too closely, to stop the cage violently; in 
fact, this will be the effect if the air is not allowed to escape. On 
the other hand, if too wide a margin is left, the effect desired will 
not result. Great care has to be exercised to have the chamber 
forming the air cushion air tight, strong enough to resist the 
strains that will be brought to bear upon it, deep enough to enable 
the car to come to a stop gradually, and to have the air space 
around the car just right to allow the air to escape in sufficient 
quantity to prevent a shock, and at the same time not fast enough 
to allow the car to drop too quickly after it enters. 

The usual depth of the air cushion is about 8 or 9 feet and 
the space or margin left between the cage and sides of air cushion 
is from § to ^ inch. Some modifications are usually made after 
the work is finished by dropping the cage from a moderate height 
and noting results, before allowing it to drop the full extent of the 
run. This is an experiment that should not be performed by in- 
experienced persons, for accidents have frequently happened even 
to men thoroughly experienced in the business. 
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^ PRACTICAL TEST QUESTIONS. 

In the foregoing sections of this Cyclopedia nu- 
merous illustrative examples are worked out in 
detail in order to show the application of the 
various methods and principles. Accompanying 
those are samples for practice which will aid the 
reader in fixing the principles in mind. 

In the following pages are given a large num- 
ber of test questions and problems which afford a 
valuable means of testing the reader's knowledge 
of the subjects treated. They will be found excel- 
lent practice for those preparing for Civil Service 
Examinations. In some causes numerical answers 
arc given as a further aid in this work. 
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REVIEW QUESTIONS 

OK^ -THBI SI7BJB07 O V* 

LOCOMOTIVE BOILERS AND ENGINES 

PART I 



1. In what respect did the first locomotives differ from the 
modern locomotive? 

2. Explain Whyte's system of classification. 

3. What is a compound locomotive f Give its advantages. 

4. WTiat methods are in use for supporting the crown sheet? 

5. What was the name of the first locomotive built in America? 
When was it constructed? 

6. Give the names of some of the early locomotives built in 
America? 

7. Describe the action of exhaust steam in creating draft in 
the front end. 

tS. Name the tj-pes of fire-boxes commonly used. 
9. What created the demand for a wide fire-box? 

10. Determine the principal dimensions of a tapered stack 
for a locomotive boiler 70 inches in diameter, the nozzle being 2 
inches below the center of the smoke box. 

11. Compute the thickness of the sheets of a straight-top loco- 
motive boiler, 70 inches in diameter, carrying a lx)iler pressure of 
200 pounds per square inch, the pitch of the stay bolts beiijg 4 inches. 

Thickness of shell « .67 inches. 

Ans. i " " fire-box side and 

fire door sheets = .30 inches. 

12. WTiat parts comprise the front end of a locomotive? 
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l.'i. Did American engineers give aid to the development of 
the locomotive in its early conception? If so, how? 

14. \Miat classes of locomotives are used for freight ser\'ice? 

15. In what portion of the throat and side sheets does the 
greatest amount of stay-bolt breakage occur? 

10. How may the poor steaming (|ualities of a locomotive be 
improved? 

17. What is a tell-tale hole and why is it used? 

18. For what purpose is a hrick arch used in the fire-box of a 
locomotive? 

19. For what purpose is a superheater used? 

20. What was one of the chief errors made in the design of 
the earlier locomotives? 

21. What resistance is offered to shear by one rivet \ inch in 
diameter? Ans. 33,071 lbs. per sq. in. 

22. What per cent of the coal is lost as sparks from a locomotive? 

23. Name five different types of compound locomotives. 

24. What means are employed in "staying the flat surfaces of 
locomotive boilers? 

25. Explain the passage of steam through the cylinders of a 
cross-compound locomotive. 

26. What two types of stacks are used, and which is to be 

preferred? 

27. What are the arguments for and against high steam pres- 
sures? 

28. What will be the stress per square inch on one-inch stay 
lx)lts used in a boiler working under a pressure of 200 lbs. per sq. in., 
the stay bolts being placed four inches from center to center? 

Ans. 4,074 pounds per square inch. 

29. State the factors entering into the development of the 
different types of passenger locomotives. 

30. What is the object of making tube sheets thicker than 
the side sheets of a fire-box? 

31 . State the differences between a De Glehn and a Cole com- 
pound locomotive. 

32. What is draft as used with reference to a locomotive front 

end? 
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LOCOMOTIV'E BOILERS AND ENGINES 

PART II 



1. What effect does the changing of a valve from inside lap 
to inside clearance have on the events of the stroke? 

2. 'NMiat pressure in tons would be required to force a cast 
steel driving wheel center on an 8-in. axle? \Miat allowance is 
commonly made for tire shrinkage? 

3. State briefly how the dead center points are located. 

4. What two tvpes of valve gears are generally used in this 
country? 

5. State the advantages and disadvantages of each. 

0. What is the resistance, due to grade only, of a freight 
train weighing 2,000,000 pounds, moving up a grade of .9 of one 
per cent? Ans. 18,000 pounds. 

7. W^hat is the resistance, due to acceleration only, of a train 
weighing 200 tons that is accelerated from a speed of 50 to one of 
GO miles an hour in a distance of one mile? Ans. 204 pounds. 

8. State the two different forms of locomotive frames in use 
and give the principal features of each. 

9. Wliat is the tractive power of a simple locomotive having 
cylinders 18 inches in diameter, a piston stroke of 24 inches, driving 
wheels 62 inches in diameter, and working under a boiler pressure 
of 200 lbs. per sq. in.? Ans. 21,321. 

10. What is meant by the terms lead, outside lap, and inside 
clearancef 
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IL What is tlie resistance, due to curvature only, of a passen- 
ger train consisting of a locomotive weighing 120,000 pounds and 
cars weighing 200,000 pounds, moving around a 4-<legree curve? 

Ans. 616 pounds. 

12. Describe the form and state the characteristic features of a 
locomotive throttle valve. 

13. I low should the reverse lever and throttle valve be manipu- 
lated as the speed of the locomotive increases? 

14. What will be the resistance on a straight track, of a train 
of cars weighing 240,000 pounds running at a speed of 50 miles per 
hour? 

15. A consolidation locomotive weighing 137,950 pounds has 
117,400 pounds on the driving wheels. The weight of the recipro- 
cating parts on one side of the engine is 680 pounds. The stroke of 
the piston is 26 inches. The diameter of the driving wheel is 56 
inches. 

(a) What weight of reciprocating parts must be balanced? 

(b) WTiat weight must be added to each driving wheel if the 
center of gravity of the counterbalance thus added is to be 19 inches 
from the center of the wheel? 

( (a) 335 pounds. 
" ( (6) 57 pounds. 

16. W^hat changes are necessary if it is desired to increase the 
lead? 

17. What different methods are employed? 

18. Given a freight locomotive of a mogul type, having tlie 
following dimensions: 

Weight on driving wheels, 127,500 pounds. 

Weight on truck wheels, 23,000 pounds 

Diameter of cylinders, 20 inches. 

Stroke of piston, 26 inches. 

Diameter of driving wheels, 64 inches. 

Boiler pressure, 200 pounds. 

Diameter of main driving axle, 9 inches. 

Length of piston rod, 48 inches. 

Horizontal distance from center line of frame to center line of rail, 7} 

inches. 
Distance from center of main rod to center line of frame, 20 inches. 
Speed, 40 miles per hour. 
Minimum radius of curvature of track. 955 feet. 
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Weight of main axle and drivers, 6,500 pounds. 
Distance from center of main rod to face of wheel, 8 inches. 
Distance from center of side rod to face of wheel, 2V inches. 
Diameter of cylinder stud bolt circle, 24 inches. 

Determine 

(a) The tractive force. Aiis. 27,620 pounds. 

(b) Maxiunim fil>er stre^^s in main axle. 

Ans. 9,03() ll)s. per sq. in. 

(c) Diameter of the crank pin. Ans. 6} inches. 

(d) Diameter of the piston rod. Ans. 3.41 inches. 

(e) Thickness of cylinder wall. Ans. 1 .33 inches. 

(f) Thickness of cylinder heaxf. Ans. L49 inches. 

19. ^Yhen a distance signal is set m the danger position, what 
does it signify? 

20. Determhie the diameter of cylinders for a Pacific type 
passenger locomotive having 150,500 pounds on the drivers, a stroke 
of 28 inches, drivers 74 inches in diameter, and working under a steam 
pressure of 200 pounds. Ans. 24 inches diameter. 

21. Crive the name of the important parts which compose the 
running gear of a locomotive. 

22. Define what is meant by a mai7i rod and a side rod, and 
state whv their section is made in the form of an L 

•r 

23. \Miat factors must be considered in determining the rating 
of a locomotive? 

24. Before undertaking the setting of the valves of a locomotive 
what preliminaries are necessary? 

25. \Miat do the signal colors — red, blve, green, and white — 
indicate? 

26. What inspections should be made of the locomotive at the 
end of the run? 

27. What is the difference between the home signal and the 
advance signal! 

28. Why is a counterbalance necessary on a locomotive driving 
wheel? 

29. Describe the two forms of cylinder and saddle castings. 

30. What should be the length of the radius bar of a mogul 
locomotive having all drivers flanged, a rigid wheel base 15 feet 2 
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inches long, and a distance of 8 ft. from the front driver to the truck 
center? Ans. 5 ft. 11.2 in. 

31. Explain the action of a safety vah^e. 

32. State the advantages of using a leading truck on a lo(*<> 
motive. When are trailing' trucks used? 

33. What Is meant by permissive block signalingf 

34. WTiere should the reverse lever be placed when running 
with the throtde closed? WTiy? 

35. What Is the use of a relief valve on the steam chest? 
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1. What form of air-brake was first used? State the principle 
of its operation. 

2. What advantages has the New York air-pump over the 
Westinghouse nine and one-half inch pump? 

3. \Miy are the feed-valve, equalizing resenoir, and pump- 
govemor necessary? 

4. If the brake-pipe is opened to the atmosphere either by 
the train parting, hose bursting, or the conductor's valve, why should 
the engineer's brake-valve be placed in lap position? 

5. In double-heading, which engineer should have control of 
the air-brakes? ^Miy? 

G. Wliat reduction in brake-pipe pressure is necessary to cause 
a light service application? 

7. Sketch and explain the action of the Westinghouse auto- 
matic pump-go vemor. 

8. ^\^lat should be the capacity of the main resei^^oir for pas- 
senger and freight engines? 

9. Give the five positions of the ordinary Westinghouse 
engineer's brake-valve, and tell what occurs in each position. 

10. What is the purpose of the slide-valve feed-valve, and when 
does it act? 

11. Explain the action of the Westinghouse quick-action triple 
valve in release, sen'ice, and emergency application. 

12. What are the allowable brake-shoe pressures for freight 
cars, passenger cars, and locomotives? 

13. Of what known fact docs the high-speed brake take advan- 
tage? 
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14. In the high-speed brake ecjuipment, what Is the function 
of the automatic reducing valve? 

15. Name three advantages of the Westinghouse "E T" equip- 
ment, and give a list of the principal parts. 

16. If, after an emergency application is made with the "E T*' 
equipment, the locomotive wheel should skid, what should be done? 

17. Name the principal parts of the train air-signal system, and 
state how it is operated. 

18. When the trainmen signal the engineer, why is it necessary 
to allow an appreciable length of time to elapse between successive 
discharges? 

19. Why is the straight air-brake equipment used on electric 
cars for city and interurban service? 

20. Why is this system not found on electric trains of more than 
two cars in length? 

21. Name the different tj'pes of compressors used on electric 
cars, and state the advantages and disadvantages of each. 

22. By using Fig. 88, determine the distance required in which 
to stop an electric car if the power is thrown oflF when running at a 
speed of 20 miles per hour. 

23. WTiat is the purpose of the conductor's brake-valve? 

24. WTiat is the leakage groove in the brake-cylinder and its 
purpose? 

25. WTiat is the difference between the straight-air and the 
automatic brake? 

26. WTiy should the main reservoir be drained before each run? 

27. How is the pressure regulated in the main reservoir? 

28. How is a service application of the automatic brake made? 

29. Wliat provision is made to keep the pump always nmning 
slowlv? 

30. What is the use of the main reservoir? 

31. What is it that tells the engineer when the brake-vahe 
remains in release position too long? 

32. What are the advantages of the **K'* triple over the ordinary 
quick-action triple valve? 

33. Why is it a waste of air to make a n^duction of more than 
20 or 25 pounds? 

34. With the ordinary air-brake equipment, why is it advisable 
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to bring a long freight train to a full stop, in case a slow-down is 
desired? 

3o. In stopping a passenger train, why is it desirable to release 
the brakes just before coming to a full stop? 

36. Describe the principal parts of the Westingliouse and New 
York quick-action triple valves. 

37. In what way does the action of the Westinghouse and New 
York triple valves differ in emergency applications, and with what 
result? 

38. What is the purpose of the pressure-retaining valve, and 
when is it used? 

39. In what way do the Westinghouse and New York quick- 
action triple valves differ respectively from the plain automatic triple 
valves? 

40. 'WTiat changes are necessary in the ordinary air-brake 
equipment when transforming in into the high-speed brake equip- 
ment? 

41. State the principle upon which the "E T" locomotive brake 
equipment operates, and how is it manipulated? 

42. What special features does the Westinghouse "K" triple 
valve possess? 

43. Can the ordinary quick-action triple valve be transformed 
into a "K" triple.valve? If so, how? 

44. State briefly the principle upon which the "K" triple valve 
operates. 

45 Why do cars equipped with the "K" triple valve, mixed in 
a train, improve the action of the air-brake equipment? 

46. Name the parts which constitute the foundation brake-gear. 

47. Describe the automatic slack-adjuster. 

48. What is the difference Wtween the New York and the 
Westinghouse engineer's brake-valve? 

49. How should the train be stopped in backing up a freight 
train? a passenger train? 

50. How should the air end of the air-pump be oiled? 
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1. IIow does the plunger elevator operate? 

2. How is the speed of a water-balance elevator con* 
trolled? 

3. What is an electric limit switch? 

4. What arrangement of packing is used for the pistons 
of hydraulic elevators? 

5. IIow are air cushions arranged? 

G. Describe the distributing valve used on the early steam 
elevators. 

7. What kind of safeties are used with steel guides? 

8. Describe the best form of limit valve for hydraulic 
elevators. 

9. Describe the two earliest types of steam winding en- 
gines. 

10. What is the function of a pilot valve? 

11. What precaution should be taken with elevator cables? 

12. What kind of cylinder lubrication is best tor hydraulic 
cylinders? 

13. Kame three kinds of hydraulic elevators. 

14. What safety device was used in connection with the 
spur-gear winding engine? 

15. How is the Fraser elevator operated? 

16. Explain the method of counter-weighting the cage and 
cables. 

17. How is a pressure tank used? 

18. Describe the method of mechanical control for electric 
elevators. 

19. When two counterbalance weights are used, how should 
they be arranged? 
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